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SUMMARY

Uranium in sandstone-type deposits

Colorado Plateau.--Geologic maps were completed of the Carrizo
Mountains 1n Arizona and New Mexico and the Capitol Reef and Red House
Cliffs areas in Utah. Mapping was also done in Utah at White Canyon, Elk
Ridge and the San Rafael Swell, and will be continued in 195L. Stratigraph-
ic studies were made of Triassic and Permian formations of southeastern
Utah and northeastern Arizona., Except for laboratory work on samples from
a hole drilled to obtain core in its original state, no further work was
undertaken on stratigraphy of the Jurassic Morrison formation, the field
study of which is complete,

Investigation of the horizontal and vertical transmissivity of
ground water in sedimentary rocks of the Colorado Plateau shows that the
average transmissivity is increased three to five times by fracturing and
that a correlation may exist between highly fractured areas and known ore
deposits,

For geobotanical research, an experimentel garden was established
at Santa Fe, N. Mex., to investigate effects on vegetation of soils con-
taining uranium and associated minor elements. Geobotanical sampling, for
prospecting, was done in Utah at Deer Flat, Elk Ridge and San Rafael Swell.

Reconnaissance resource appraisal of uranium in Triassic rocks
of the Colorado Plateau has pointed out favorsble belts for uranium de-
position, probably controlled by facies changes or cut offs in the Shinar-

unp .

The new mineral species montroseite, navajoite, and rabbittite
were established and two other new, unnamed species were identified, a
sodium vanadate and a potassium uranyl arsenate.

Geophysical investigations by gravity and magnetic methods are
being made of the entire Plateau region. Experimental investigations of
selected areas were made by seismic refraction, magnetic, electrical
resistivity, and self potential methods to determine the spplicability
of the various methods in guiding exploration. Electric logs of drill
holes give some promise of usefulness in delineating ground favorable for
uranium deposition.

Areas outside of Colorado Plateau.--Uranium was recognized in
Cretaceous and Bocene sediments in the Gas Hills area, central Wyoming,
in sandstone and carbonaceous shale, The greenish-yellow mineral is
tentatively identified as uranospinite. Some samples contain 0.041 to
1.87 percent U.
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Geologic mapping in the Powder River Basin, where uranium minerali-
zation occurs in small concreticnary masses and as disseminations in sand-
stone, has suggestgd several tentative guides to hidden uranium deposits.

Uranophane is the principal uranivm mineral in sandstone deposits
in the Browns Park formation of the Poison Basin area near Baggs, Carbon
County, Wyoming, The occurrences are distributed over a distance of at
least a mile, ’

Approximately 68 square miles have been mapped in the southern
Black Hills, South Dakota, near Edgemont. The greatest density of uranium
occurrences appears to be marginal to the steepest dips of ore-bearing
beds and the larger deposits are localized in alternating sandstones, mud-
stones, and siltstones., The localization of carnotite appears to depend
largely on structure and the variation between permeable and impermeable
lithologies of the host rocks,

Uraniom in veins, igneous rocks, and related deposits

Pitchblende and secondary uranium minerals were discovered in
the Eureks-Nigger Hill area of the Georgetown-Central City district of -
the Colorado Front Range, Cclo. Occurrences at the Two Sisters and R.H.D.
mines are in part of ore grade. The minsralization occurs in two and
possibly three vein sets. In the Idaho Springs district uranium has been
found in pyrite-quartz veins.

To date sbout 28 square miles of surface mapping and 85,000
linear feet of underground mepping has been done in the various mining
districts in the Colorado Front Range.,

Wall-rock alteration is similar to that found elsewhere in the
Front Range with successive layers of silicified, sericitic and argillic
material between the vein and fresh rock. Argillic alteration in this
area-appears more wldespread than was previously reported.

Detailed mineralogic and petrographic studies of pitchblende-

coffinite ore from the Copper King mine were made. It was impossible to
separate a pure sample of coffinite for analysis.

Uranium in carbonaceous rocks

Coal and lignite,--Ash of coal from the waste dump of the
Southern Utah Power Company's plant near Cedar City, Utsh, was found
to contain 0.0l percent eU. The coal was mined at the Webster mine near
Cedar City and two other mines at the same horizon; its ash content is
9 percent. '

-
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In the Ekalaka lignite field, Carter County, Mont,, a bed of
weathered lignite as much as 8 feet thick contains 33.8 percent ash and
0.01L percent U in the ash, About 70 square miles of this field was
mapped” on photographs. In the HT Butte and Chalky Buttes area; Slope
County, N, Dak., uranium occurs in the Slide Butte and Chalky Battes beds
in the Fort Union formation; the area underlain by the radiocactive lignite
beds is about 9 square miles., Uraniferous lignite was also found in Bul-
lion Butte and Sentinel Butte, Slope and Golden Valley Counties, N. Dak.

Drilling in the Mendenhall area, Slim Buttes, Harding County,
S. Dak., was completed in June 1953. Preliminary estimates indicate that
more than 4,000 acres in the ared is underlain by radiocactive lignite
having a mineralized thickness of more than |, feet. The mineralization
occurs in three beds: +the Mendenhall rider, the Mendemhall, and the Olesrud.

Core drilling in the Red Desert area, Sweetwater County, Wyo.,
was completed in November 1953, A total of 60 core holes aggregating
12,677 feet were drilled, as well as one 8-inch core hole. Also, 12 power-
auger holes were completed. On the basis of radioactivity determinations,
it appears that locally coal ‘6.5 feet thick contains 0,007 percent U and
0.05 percent U in the ash, though the average uranium content for the field
is about 0,003 percent or less. The distribution of uranium in the coal
beds in the Red Desert appears to be governed largely by the permeability
of the overlying rocks; it increases from west to east as the overlying
rocks become coarser-grained and more permeable.

Black shales.--The drilling program in the Chattanooga shale
completed in November, consisted of 36 closely spaced holes in the Youngs
Bend area near Smithville, DeKalb County, Tenn., and 28 widely spaced
holes in the Northern Highland Rim, the Eastern Highland Rim, and Walden
Ridge, Tennessee, and Blount County, northern Alabama.

A small sample of organic stringer from one of the shale cores
contained only 1.27 percent ash, which analyzed 2.58 percent U and L per-
cent germanium. A report describing this newly observed occurrence.of
germanium and association of germanium and uranium is in preparation.

Based on field observations that the uranium content of black
shale might be a function of color, a study was made of the correlation
between uranium content, radiocactivity, and the reciprocal of reflected
light in microamperes; the density of the reflected light was measured
in a reflection fluorimeter funnelling white light onto the surface of
shale samples. The correlations obtained in the work to date are good.
If further experiments show that the method is feasible, it may provide
a satisfactory rapid method for the determination of uranium in shales.
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Uraniunm in phosphates

The geologic drilling program in the land-pebble phosphate
district, Florida, was completed. A total of 115 holes aggregating
6,796 feet have been logged, sampled, and a gamma ray log taken in each.

Reconnaissance for uranium in the United States

At the Phillips pyrite mine, Putnam County, New York, uraninite
is assoclated with magnetite, hormblende gneiss, and possibly a sulfide-
bearing shear zone in diorite. If the uranium is coextensive with the
magnetite-bearing rock, there may be a large tomnage of uranium,

Analytical service and research on methods

During the reporting period 13,786 chemical determinations for
uranium, 15,056 other chemical determlnatlons, 169,049 spectrographic
determinations, and 13,223 radiocactivity determinations were completed
by the laboratory.

A technique for additional refinement of semi-quantitative
data derived from spectrographic determinations has been devised. The
method reported results for 51xty or more elements to narrower ranges
of concentration than formerly, i.e., 0.x- for 0,1% to 0.215%, o.x for
0.215 to 0.46L% and o.x+ for O héh to 1.0%, and similarly for other
orders of magnitude,

A new fluorimeter has been developed and constructedvthat in-
corporates the use of three electronic tubes in the circuit rather than
a single photomultiplier tube commonly used in instruments of this type.

Geochemical and petrological research on basic principles

In connection with studies of the distribution of uranium in
igneous complexes the zircon-age method has been refined and perfected
and extended to include other accessories such as xenotime and monazite,

The isotopic composition of meteoritic lead has been success-
fully determined and is found to be very different from every terrestrial
lead so far tested. Results suggest that if the earth is L.5 billion
years old, it may have originally contained lead of such composition.

Development and maintenance of radiation detection equipment

A prototype model of a new portable scintillation counter has
been designed and built. It is a total intensity type meter, weighs 3.5
lbs., has a displacement volume of 71.5 cubic inches and a battery life of
130 hours.,



URANIUM IN SANDSTONE-TYPE DEPOSITS

Colorado Plateau geologic studies

Regional geologic mapping

The geologic mapping proJjects are aimed at 'appraising the ore
deposits in the main uranium-bearing formations of the Colorado Plateau
region, the Morrison formation of Jurassic age and the Shinarump conglomerate
and adjacent formations of Triassic age. The mapping falls into two cate-
gories: strip mapping projects and quadrangle mapping projects. Strip
mapping involves the detalled study and mapping of only the ore-bearing beds
and adjacent strata; it is undertaken only in those regions where an adequate
geologlc map already exists. .Quadrangle mapplng involves not only the detailed
study and mapping of the ore-bearing beds and adjacent strata but also the
extension of geologic mapping Lo the boundaries of quadrangles as a step
toward complete understanding of the geology of the region.

Field work has been completed prior to this report period for the
following projects, and final reports are being processed: Southwestern
Colorado area quadrangle mapping project; Monument Valley area, Ariz., quad-
rangle mapping project; and Monument Valley area, Utah, strip mapping proj=-.:
(fig. 1). The incomplete results of these projects have been reported in
TEI-330.

Field work has been completed during this report period for the
following projects: Red House Cliffs area, Utah, quadrangle mapping project:
Capitol Reef area, Utah, quadrangle mapping project; and the Carrizo Mountains,

area, Ariz.-N. Mex., quadrangle mapping project (fig. 1).
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Field work has been continued for the White Canyon area, Utah,
quadrangle mapping project and field work began for the San Rafael Swell area,
Utah, strip mepping project and the Elk Ridge area, Utah, quadrangle mapping
project (fig. 1).

During the next report period field work is tentatively planned for
the following: Lisbon Valley area, Utah-Colo., quadrangle mapping project;
Abajo Mountains area, Utah, gquadrangle mapping project; Inter-River area,
Utah, strip mapping project; Circle Cliffs area, Utah, quadrangle mapping
project; and Sage Plain area, Utah-Colo., quadrangle mapping project. A TE
report summarizing results of geologic reconnaissance of the Ute Mountains
area, Colo., prepared by the distribution of elements project, will be trané-‘
mitted in the next report pefiod; 2 quadrangle mapping project involving
detailed geclogic work is planned in the .near future to subplement the recon-

naissance study.

Carrizo Mountains area, Ariz.-N. Mex., quadrangle mapping project, by

J. D. Strobell, Jr.

Geologic mapping of the Carrizo Mountains area in northeastern
Arizona and northwestern New Mexico (fig. 1) was undertaken to providevdeu
tailed information on the geologic occurrence of uranium deposits in the 30-

minute quadrangle surrounding the Carrizo Mountains. Mapping of about 900

square miles was completed by September 1951, and the field work was recessed. . . ..

During the recess, a preliminary appraisal of the uranium resources of the
area was prepared (TEM-300, May 1952), and preliminary drafts of the geologic
map were transmitted (TEM-415-430, July-August 1952). The geologic map and
accompanying text and stratigraphic sections were also prepared for publica-

- tiolm in the 0il and Gas Investigations Map series of the Geclogical Survey.
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During this report period the laccolithic complex of the Carrizo
Mountains was mapped., Except for final checking of the geologic map field
work has been completed.

Sedimentary rocks exposed in the area aggregate nearly 5,000 feet
in thickness and range in age from Permian (Cutler formation) to Pliocene (7)
(Chuska sandstone). The following variations from the general stratigraphy
of the Colorado Plateau region are notable. The Moenkopi formation (Triassic)
is absent. The Shinarump conglomerate (Triassic) is thin and exposed only
locally on the southwest flanks of the mountalns. The Kayenta formation and
Nevejo sandstone (Jurassic?) and the Carmel formation (Jurassic) thin and dis-
appear southeastward across the area, whereas the Todilto limestone (Jurassic)
thins end disappears northwestward. Four members of the Morrison formation
(Jurassic) are recognized: in ascending order, the Salt Wash, Recapture,
Westwater Canyon, and Brushy Basin members.

These sedimentary rocks have been folded and truncated, and are
overlain in places by the flat-lylng Chuska sandstone (Pliocene?) and associ-
ated basalt flows. They bave been intruded by diorite sills and 1accoliéhs
in the Carrizo Mountains and also around the margin of the Carrizo Mountains
by minette plugs and dikes younger than the diorite and younger than the

- Chuska sandstone, It was thought that the»mapping of the Carrizo Mountains
might producé direct evidence of the age of the diorite of the laccoliths,

but as no Chuska sandstone or other Cenozoic rocks occur in the mountains, the
diorite can only be dated as older than the minette (Pliocene?) and younger
than the Mancos shale (Late Cretaceous).

The uranium deposits are of the carnotite type and are contained in

the Salt Wash member of the Morrison formation. The stratigraphic position



of the ore ranges from the middle of the Salt Wash member east and south of
the mountains to the base of the Salt Wash member northwest of the mountains.
The position of the ore may be contralled by thickness or cbmposition of the
member or by some factor superposed upon it, such as a former water table.

The carnotite deposits adjacent to diorite intrusives occur beneath the
igneous rocks and do not appear to be related to the igneous rocks. No direct
 evidence of the relative age of the uranium deposits and the lgneous rocks

was found during field work. Tentatively, because of the frequency and dis-
tribution of the ore deposits with respect to the igneous rocks of the in-
trusive masses, the ore deposits are interpreted as older than tﬁe igneous

rocks,

Red House Cliffs area, Utah, quadrangle mapping project, by T. E. Mullens

Geologic mapping of the Red House Cliffs area, southwestern San
Juan County, Utah, (fig. 1) was completed during this report period. About
40 square miles were mapped since June 1953, and the Shinarump conglomerate
was examined along all accessible exposures.

No known deposit of uranium occurs in the Red House Cliffs area.
On the basis of empirical guides developed in the adjacent Monument Valley
and White Canyon areas, Utah, the Shinarump conglomeraste of the Red House
Cliffs area is apparently a favorable host rock for uranium deposits. How-
ever, the Shinarump conglomerate of the Monument Valley ares extends north-
ward only about 3 miles into the Red House Cliffs area where it pinches out,
and the Shinarump conglomerate of the White Canyon area pinches out north of
the north boundary of the Red House Cliffs area.

The Shinarump conglomerate which extends into the area from,Monu-

ment Valley fills several channel-scours at its base. Carbonaceous material,
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which is copnsidered favorable for ore, is abundant in the channel sediments.
These channels, where near a margin of deposition of Shinarump conglomerate,
are thought to be favorable for the accumulation of uranium deposits because
they contain uranium deposits in adjacent areas. The reason for the associa-
tion of uranium deposits with channels and a margin of deposition of Shina~
rump conglomerate is not known, but the association does furnish an empirical
guide to uranium deposits. Geologic evidence indicates that about 15 square
miles in the southwest part of the Red House Cliffs area, or only about 5
percent of the mapped area, is underlain by Shinarump which locally contains
channels near a margin of deposition of Shinarump conglomerate. Possibly
fsome concealed uranium deposits occur in these channels.
A final report summarizing the results of geologic study of the

Red House Cliffs d4%ea is in preparation.

White Canyon area, Utah, quadrangle mapping project, by A. F. Trites, Jr.

The White Canyon area is on the west flank of the Monument upwarp
in the west central part of San Juan County, Utah. .During this report
period the geology of about 100 square miles in Red Canyon and 100 square
miles in White Canyon were mapped on a scale of 1=h8,000. Detailed geologic
studies were continued at the Jomac claim. A drilling project based on
recommendations made by personnel of the White Canyon area mapping project
was begun on Deer Flat; the preliminary results of this expl&ration projéct
are reported separately in the section on Colorado Plateau Exploration.

Geologic studies in the White Canyon area during the 1953 field
season indicate that much of Red Canyon is unfavorable for the occurrence of
significant deposits of uranium in the Shinarump conglomerate. This con-

glomerate is present in most of the middle part of Red Canyon and is locally



as thick as 40 feet; it is either missing or extremely thin in the lower
part of Red Cenyon.

About 15 Shinarump-filled chanpels in the Moenkopi formation are
present in the ares and range from 40 to‘6OO feet wide and from 4 to 25 feet
deep. Abnormel radioactivity was found in many of these channels, but
uranium-bearing rock containing more than 6.10 percent U308 was found in
only one channel. The urenium occurs in carbonaceous sandstomes in the lower
part of this channel, associated with secondary copper minerals and miﬂor
sulfide(ﬁinerals. Abnormal radioasctivity was also found in carbonaceous
sandstone lenses and in coal seams in the lower member of the Chinle forma- -
tion, but these deposits are believed to be small and of low grade.

Detailed studies at the Jomac mine show that the uranium is con-
centrated in pleces of coal in a basal sandstone bed of the Shinarump con-
glomerate. The coal accumulated in basin-like depressions that have been cut
in siltstone beds of the Moenkopi formation end Shinarump conglomerate, and
filled by silty sandstone of the Shinarump conglomerate. The uranium occurs
in torbernite, autunite, and possibly as an orgenic uraniferous compound.

The followihg reports are in preparation: "Uranium deposits at the
North Point claim, White Canyon area, San Juan County, Utah," by A. F., Trites,
Jr.; "Progress report on geologic étudies in the White Canyon area, San Juan
County, Utah, 1953," by A. F. Trites, Jr., T. L. Finnell, and R. E. Thaden;
and "Preliminary repori on Happy Jack mine, San Juan County, Utah," by A. F.

Trites, Jr. and R, T. Chew, III.
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Capitol Reef ares, Utah, quadrangle mapping project, by J. F. Smith, Jr.

Geologic mapping in the Capitol Reef area, Wayne and Garfield
Counties, Utah (fig. 1), was completed during this report period. About
550 square miles were mapped during the 1953 field season, and the Shina-
rump conglomerate was examined at all accessible exposures.

Exposed sedimentary rocks range from the Permian Coconino sandstone
to beds of a possible Lower Tertiary age and have an aggregate thickness of
more than 5,000 feet., Volcanic rocks crop-out in the western part of the
area, Structural features include the northwestward extension of the Water-
pocket Fold, the Teasdale anticline, and numerous faults.

Radiocactive rock has been found in the Moenkopi formation, the
Shinarump conglomerate, the Chinle formation, the Curtis formation, and the
Salt Wash member of the Morrison formation. Most radiocactive rock is in the
Shinarump conglomerate in a clay and sandstone layer at the base of the for-
mation where Shinarump beds have filled channels cut into the underlying
Moenkopi formation. Uranium minerals identified from the area include beta-
zippeite, metatorbernite, johannite, and pitchblende disseminated in car-
bonaceous material from the Oyler mine in the Shinarump conglomerate., Sec-
ondary copper minerals, minute grains of chalcopyrite, and pyrite, gypsum,
and in places iron and manganese stain are associated with the uranium
minerals.

Uraniferous rock in the Moenkopi formation occurs at the base of
a cross-bedded sandstone overlying a red siltstone sbout 400 feet below the
top of the formation. Although the uranium minerals from this locality have

not been identified, a one-foot channel sample contained 0.41 percent uranium.
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No uranium deposits that appear to be significant economically were
found in the Chinle formation. Abnormally radiocactive material occurs in
widely scattered fragments of silicified wood, in scarce bone fragments, and
in one sandstone lens in the southern part of the area.

The uranium deposits at the Billy's Dream claim in the Salt Wash
member of the Morrison formation are in a sandstone and conglomerate lens
near the top of the member. Carnotite occurs along cross-bedding in the
sandstone, and along cross-bedding and as pebble coatings in the conglomerate.

At the base of the Curtis formation in the northeast part of the
area carbonaceous fragments 1 to 3 inches long and about 1 inch thick show
abnormal radiocactivity and associated copper stains. These spots are
scattered and appear to have no economic significance at present.

- During this period a report on a special phase of work in the
Capitol Reef area was prepared for transmittal as TEM-643, "Preliminary
geochemical studies in the Capitol Reef area, Wayne County, Utah," by Lyman
C. Huff,

Studies during the next report period will be aimed at the prepara-
tion of a final report. About two man-months will be spent in the field
during the late spring of 1954 to check results of the winter work and to

examine any new claims or developments in the area.

Elk Ridge area, Utah, quadrangle mapping project, by R. Q. ILewis, Sr.

The Elk Ridge area is on the crest of the Monument upwarp in the
central part of San Juan County, Utah. About 150 linear miles of the Shina-
rump-Moenkopi contact and of the Chinle-Moenkopi contact where the Shinarump
is missing were examined during this report period. The geology of two 7%—

minute quadrangles, covering about 120 square miles, was mapped.
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Exposed sedimentary rocks range from the Rico formation of Permisn
age to the Morrison formation of Jursssic age and have an aggregate thickness
of more than 5,000 feet.

The known uranium deposits are confined to rocks of Triassic age.
Most of the deposits are in the Shinarump conglomerate which crops out as
discontinuous lenses at the base of the Chinle formation. Two deposits in
other formations were examined. Uranium ore at the East Woodenshoe claim
in Woodenshoe Canyon is in a sandstone lens about 2 feet thick in the lover
part of the Chinle formation, about 30 feet above the Shinarump conglomerate.
At the Notch No. 5 claim on the south side of Notch Canyon uranium ore is in
the Moenkopi formation about 40 feet below the Shinarump conglomerate. These
deposits are significant under present economic conditions and indicate the
possibility of finding additional ore in the Moenkopi and Chinle formations
in the Elk Ridge area.

Two reports giving results of work to date are in preparation.
TEM-T13 discusses the geology of Burch Canyon, which appears to be a favorable
locality for exploration for uranium deposits. TEM-T1llk, a vrogress report,
discusses the preliminary results of geologic study in the Elk Ridge ares,

Utah. Field work will be resumed in June 195k,

Sen Rafael Swell area, Utah, strip mapping project, by R. C. Robeck

Strip mapping of the ore-bearing Shinarump (?) conglomerate and
associated formations began in the San Rafael Swell, Emery County, Utah
(fig. 1), in July 1953. About 40 linear miles, or about 10 percent, of the
Shinarump (?) conglomerate outcrop were mapped. Reconnaissance studies were
made around the remainder of the Swell. Mines, near Temple Mountain, at

AEC calyx holes Nos. 4, 5, 6, 8, and 9, and Rex mine No. 1 were mapped at a
scale of 1 inch equals 50 feet.
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The Shinarump (?) conglomerate ranges from 30 to 175 feet in thick-
ness and consists of interfingering lenticular beds of conglomerate, sand-
stone, and mudstone. Fragments of charred and silicified wood are scattered
irregularly through the sediments. The Shinarump conglomerate as previously
defined in the Swell may not correlate with the Shinarump conglomerate of the
type area. The Shinarump (?) is the principal host rock of minable uranium
deposits, although the Wingate sandstone and Moenkopl formation also contain
uranium minerals at Temple Mountain. .

The principal producing area is at Temple Mountain where the uranium
ore is in the basal one-third of the Shinarump (?). The ore, tentatively
identified as the black uranium mineral coffinite, appears to be in associa-
tion with asphalt-like material; away from Temple Mountain ore is less
commonly associated with the asphaltic material and secondary copper minerals
and carbonaceous matter are important either as locellzing agents or associl-
ates with the uranium minerals.

Geologic associations that may serve as guides to ore include ab-
normally high radiocactivity, observable uranium and vanadium minerals (Rex
mines), asphaltic material (Temple Mtn.), carbonized wood, thickening of the
basal sandstone lens of the Shinarump conglomerate (?), secondary copper
minerals (Green Vein Mesa), fracturing (Rex mines), and bleaching of rocks
by possible hydrothermal solutions (Temple Mtn.). Studies to date indicate
that the uranium minerals have gone through one or more periods of re-

deposition and that the origin of the ores is complex,

Comb Ridge area, Utah, guadrangle mapping project, by J. D. Sears

During this report period the Geological Survey completed a geo-

logic mapping project along Comb Ridge, San Juan County, Utah, under the
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. direction of J. D. Sears and financed entirely by Geological Survey funds.
The main purpose of the project was to train younger Survey geologists in
mapping techniques. Two 7%-minute quadrangles along Comb Ridge completed
the mapping of Triassic rocks north of the San Juan River and south of the
Elk Ridge, Utah, maﬁping project. Reports for the TE series will be pre-
pared by the Comb Ridge project and will afford an appraisal of uranium

possibilities on the east margin of the Monument Valley upwarp.
Photogeologic mapping

The photogeologic mepping program i1s designed to provide regional
geologic maps of specified areas in Utah and Arizona to serve the needs of
the Atomic Energy Coﬁmission end the public until more detailed ground
surveys can be made, *

Since the beginning of the photogeology project in the winter
of 1951-52, approximately 11,940 square miles of photogeologic mapping
has been completed or is in the latter gtages of production. The areas
completed, in production, or scheduled are shown on the map (fig. 2).

In addition to normal photogeolog}c mapping program, special
photogeologic ~ maps and studies (e.g. isopachous maps) of certain areas
designated by the Grand Junction office of the United States Geological
Survey are being prepared.

Continuing efforts to increase the accuracy of the photogeologic
maps produced for this program are being made by greater use of stereo

plotting equipment and techniques.
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Stratigraphic studies
by G. A, Williams

Morrison formation

Field studies of the Morrison formation have been completed except
for spot checking of critical areas. Sedimentary petrology studies, con-
tinued through this report period, are near completion. Reports presenting
results of studies of sedimentary structures, pebbles, and sedimentary
petrology are in preparation. Three TE reports, "Lithofacies of the Salt
Wash member of the Morrison formation," by T. E. Mullens and V. L. Freeman;
"Testing of graphical methods of grain size analysis of sandstone and silt-
stone," by R. A. Cadigan; and "A method of making a quantitative estimate of
silicified tuff in sandstone through the use of benzidine,” by R. A. Cadigan,
will be transmitted in the next report period. A comprehengive report
sumarizing the results of stratigraphic studies of the Morrison formation
is in preparation.

Work on the Morrison formation during the report period has been
confined mostly to the grain-size analysis of samples from a test hole drilled
in connection with the original-state core study. Textural properties of 21
samples selected from above, within, and below a mineralized horizon were
correlated mathematically with each other and with the measured dry air
permeability. Study and evaluation of the correlations yield general con-
clusions regarding textural relationships including the effect of some prop-
erties of sandstones and siltstones on air permeability and on the deposition
of calcite and similarly soluble ore minerals.

Dry air permeability in sandstone and siltstone is closely related

to the properties of the grain size distribution and the amount of cement.
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Specifically, average grain size and peakedness of the distribution curve
(kurtosis) are of primary importance; symmetry of the distribution (skewness)
is of secondary importance (negative skewness favors permeability), and .
sorting as measured by the phi standard deviation is of minér importance --
poor sorting tends to decrease permeability.

Calcite cement and other acid and water soldble,minerals, including
some ore minerals, are more often found in greater quantities in poorly
sorted sediments with an excess of fine materials than in well-sorted sedi-
ments with symmetrical grain-size distribution or in poorly sorted sediments
with an excess of coasrse particles.

The results of the mathematical tests favor the possibility that
a simple formula may be derived for translating the thousand grain-size

analyses on hand into estimated permeability data.’

Triassic and related formations

Field work on the stratigraphy of the Triassic and related forma-
tions during this report period was centered in southeastern Utah, but small
amounts of work were done in south-central and east-central Utah and north-
eastern Arizona.

The lithology of the Permian Cutler formation changes abruptly in
east-central Utah. Between the Dirty Devil River and the Green River the
Cutler is dominantly composed of clean light-colored sandstone and 1s probably
a wind-laid deposit. Between the Green River and the Colorado River, the
Cutler is dominantly composed of reddish siltstone and fine- to medium-
grained arkose and is probably a stream-laid deposit. East of Moab, Utaﬁ,
the Cutler is dominantly composed of coarse-grained conglomeratic arkose and

is probably a stream-laid deposit.
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The Hoskinnini tongue of the Cutler formation is an exceptionally
consistent marker unit among other highly variable units. The distinctive
lithology of the Hoskinnini may be traced from Monument Valley, Utah, to the
Utah-Colorado line east of Moab; it pinches out abruptly on the west along
a northerly trending line through the middle of White Canyon and through a
point about 20 miles upstream from the mouth of the Green River. The eastern
limits of the Hoskinnini are not known.

The Lower Triassic Moenkopi formation thins eastward from the San
Rafael Swell and Capitol Reef areas. The Sinbad limestone member of the
Moenkopi, which is well-developed in the San Rafael Swell and Capitol Reef,
thins eastward and is represented by several thin, possibly discontinuous,
limestone beds in the area between the Dirty Devil and Green Rivers. The
Moenkopli is composed dominantly of siltstone or very fine-grained sandstone
that probably was deposited in or bordering a sea that spread eastward across
Utah.

The Upper Triassic Shinarump conglomeraste of Monument Valley, Utah-
Ariz., is not the same as the so-called Shinarump conglomerate of east-central
Utah. In Monument Valley, the Shinarump conglomerate is a ﬁell-developed
coarse-grained sandstone that probably correlates with the Shinarump of the
type locality near Kenpeb, Utah; in the White Canyon area the Shinarump thins
and pinches out irregularly. Along the Dirty Devil River and between the
Dirty Devil and Green Rivers, the so-called Shinarump unit is composed of
fine- to very fine-grained sandstone and siltstone and correlates with part
of the "D" member o} the Chinle formation; this unit thins and pinches out
northward. Between the Green and Colorado Rivers the so-called Shinarump

unit is composed of fine- to medium-grained sandstone; it is the uppermost
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sandstone unit of the "D" member of the Chinle formation, and is provisionally
named the Mossback sandstone; this unit thins and pinches out north of Moab,
Utah. |

The Mossback sandstone can be traced southward from near Moab to
the White Canyon area where the unit forms comspicucus outcrops about 200
feet above the Shinarump conglomerste. The so-called Shinarump conglomerate
of the San Rafael Swell is probably the Mossback sandstone.

The Shinarump conglomerate is a coarse-grained, commonly conglomer-
atic sandstone whereas the Mossback is a fine- to medium-grained, commonly
conglomeratic, sandstone. The pebbles in the Shinarump are predominantly
light-colored quartz, chert, and quartzite, whereas the pebbles in thé Moss-
back are predominantly limestone and siltstone with sbundent dark-colored
quartzite and common quartz and chert.

The Shiparump contains medium-scale trough cross-stratification,
whereas the Mossback, in addition to medium—scale trough cross-stratification,
commonly contains horizontal and ripple stratification. BStudies of cross-
strata in the Shinarump suggest that in general the streams flowed north-
west; studles of cross-strata in the Mossback suggest that in general the
streams flowed west-northwest. These ‘differences suggest separate source
areas for the Shinarump and the Mossback.

The Upper Triassic Chinle formation is divided into several mem-
bers and units, some of which are local, whereas others are found throughout
northern Arizona and southern Utah., The Chinle is composed dominantly of
mudstone and arkosic sandstone. The Chinle is probabiy mostly a stream and
flood-plain deposit that had several source areas of which southern Arizona

and New Mexico seem to be the most importent.
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The uranium deposits that were once thought to occur in a single
unit, the Shinarump conglomerate, are now known to occur in three different
upits. In Monument Valley, White Canyon, Circle Cliffs, and Capitol Reef
the deposits occur in the Shinarump conglomerate. In the area between
Dirty Devil and Green Rivers and southern part of the San Rafael Swell they
occur in sandstone of the "D" member below the Mossback sandstone. In the
northern part of the San Rafael Swell, in the area between the Green and
Colorado Rivers, and possibly in Big Indian Wash the deposits occur in the
Mossback sandstone.

The deposits in each of the three Upper Trilassic units occur dom-
inantly in an interval immediately above to 50 feet above the top of the
Moenkopi formation. Deposits in the Moesback sandstone have been found
only where the Mossback lies within 50 feet of the top of the Moenkopi
formation.

In each of the three units the deposits occur in broad northwestf.
southeast trending belts near the northern limit of the unit. Possibly
these belts are related to permeability traps in areas where the units are
discontinuous.

The uranium deposits in the Cutler formation apparently occur only
in the arkosic sandstone facies. The search for deposits in the Cutler thus
probably can be concentrated on this arkosic facies which is confined to
extreme east-central Utah and west-central and south-central Colorado.

Ground-water studies
by D. A. Jobin
In the previous report period work began on the problem of deter-

mining the horizontal and vertical transmissivity relationships of the
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exposed sedimentary rocks of the Colorado Plateau. These rocks were

sampled in eight areas: Grand Junction, Colo.; Uravan, Colo.; McElmo Canyon,
Cole.; Monument Valley-Black Mesa, Ariz.; Comb Ridge, Utah; Circle Cliffs,
Utah; San Rafael Swell, Utah; and the Moab area, Utsh. |

Laboratory work during the period, although largely taken up by
assembling and testing new equipment and standardizing procedures, included
also determining the variations in permeability in one area, Grand Junction,
Colo. Grain-size analysis of the same samples is also nearing completion.

An evaluation of the effect of the present system of fractures on
the transmissivity of the Salt Wash member of the Morrison formetion has been
accomplished by use of the water consumption data from the drilling records
of four representative drilling projects: the Yellow Cat area, Grand County,
Utah; Outlaw Mesa, Mesa County, Colo.; Atkinson Mesa, Montrose County, Colo,;
and the Spud Patch area, San Miguel County, Colo. By computing the mean
transmissive rates for unfractured rock for each area and comparing this value
to the value determined by using all the data, & semi-quantitative es?imate
of the minimum increase in transmissivity due to fractures was obtained. In
the areas studied the average transmissivity of the rocks has apparently been
increased from three to five times by the presence of fractures. Maps were
prepared contouring the total transmissivity of representative bore holes
for these same areas. Preliminary results suggest that there may be a possible
correlation of the highly fractured, i.e. highly transmissi&e, areas with
known ore deposits,

Plans for the regionél transmissivity project for the next report
period include completing the laboratory measurements on the samples already

collected, and summerizing the data 1n a preliminary report.



Geobotanical studies

Geobotanical research, by H. L. Cannon

-Geobotanical research during.the report périod was largely directed
toward an experimental investigation of indicator and absorber plants in
relation to uranium and other elements in the environment of an ore deposit.
An experimental desert garden was established in Santa Fe County, N. Mex., )
under conditions of soil, temperature, and moisture typical of the Colorado
Plateau. Selected desert plants were planted in plots containing excess

amounts of several basic nutrient elements in combination with carnotite.

The pattern of plot arrangement is shown:
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Ten species of plants germinated with great variation in these plots; five
were grown to maturity and five perennials acquired first year growth. Six
additional species were added in a fall planting. Growth habits were studied
at weekly intervals, and variations were recorded. A marked increase in
germination, growth, and time of flowering was observed in certain species

grown in carnotite plots. Stanleya and Cleome, however, were inhibited by

additions of carnotite although very tolerant of high selenium and sulfur
soils. Grindelia was found to be highly tolerant of carnotite soils, and
will even germinate and grow rapidly in soils containing one-half pure
carnotite. The amounts of uranium absorbed by these plants will be of

interest.



A cooperative program of chemical research on the plot soils and
plant samples grown in the plots is planned and is expected to answer the
following questions:

In what form are uranium and vanadium absorbed by plénts?

How and where are uranium and vanadium stored in the’plant?

What is the relation of the uranium and vanadium content to the
dry weight and ash figures in sbsorbed plants versus indicator plants?

What controls the distribution of plants known to act as indicators
of carnotite ores?

An initial number of analyses will be ruﬁ this winter, The experi-
ments are planned to extend over a 2-3 year period in order to bring to
maturity perennial plants and shrubs known to be useful in geobotanical
prospecting. |

Black and white photographs of indicator plants were taken during
the 1953 field season to be used as illustrations in & handbook for geo-

botanical prospecting. Compilation of the descriptive data is continuing.

Geobotanical prospecting

The absorber plant method of geobotanical prospecting, by A. J.

Froelich

The absorber plant method of geobotanical prospecting utilizes
uranium-assay information based on the absorption and accumulation of
anomalous amounts of uranium by deep-rooted trees growing above shallow con-
cealed ore deposits. During the current report period the absorﬁer plant
method was used to prospect more than 40 miles of Shinarump congiomerate rim
at Deer Flat and Elk Ridge in San Juan Coﬁnty, Utah. Branch tip samples of

Utah Jjuniper and other evergreens were collected at 200-foot intervals where
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the Shinarump is well exposed; where covered, éamples were taken at 50-foot
intervals, Data for comparison and control were obtained by tree and associ-
ated rock sampling in areas known to be mineralized. Eight species of ever-
green trees and shrubs were sampled at Elk Ridge in order to provide back-
ground date on which to base a large-scale absorber plant prospecting project
in 1954,
' The results of 1,700 analyses have been received. Areas believed
favorable for uranium deposits on geobotanical information coincide with all
major known deposits at Deer Flat, and more than 15 concealed or previously
unknown favorable rim areas are indicated by other gecobotanical anomalies.
Physical exploration by the Geological Survey is expected to investigate the
most promising of these areas. '

Preliminary reports will be transmitted during the next report
period. A final report evaluating the usefulness of the geobotanical pros-
pecting at Deer Flat must await the results of drilling of the favorable
areas indicated by absorber plant anomalies.

The applicability of geobotanical prospecting by plant analysis
was tested in the San Rafael Swell, Emery County, Utah, in conjunction with
indicator plant studies. Fifty-two branc%itip samples were collected from
Juniper trees growing on the Shinarump conglomerate benches, The analyses
of these samples have not yet been received. If mineralized rock can be
detected through as much as 100 feet of Shinarump conglomerate, then larger
areas in the San Rafael Swell would be amenable to the absorber plant method
of prospecting.

The Grants district, McKinley and Valencia Cpunties, N. Mex., was

visited in early September to evaluate the results of the 1952 absorber
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plant sampling when compared to later physical exploration. The small
amount of recent exploratory work on the Todilto limestone for the most
ﬁart supported the predictions of favorable ground indicated by geobotanical
prospecting. AEC drilling which began in August should permit evaluation
of many of the plant anomalies and the final report on the Grants area will
be deferred until the final results of the drilling are available.

Apalytical work on geobotanical samples collected on ILa Ventana
Mesa, Sandoval County, N. Mex., showed the variations in uranium content of
trees growing on a 65-foot sandstone capping that overlies the uranium-
bearing coal. These variations have been contoured to show areas favorable
for relatively high uranium content in the underlying coal. A report is in
preparation which includes results of the study and recommendations pertinent
to physical exploration of the mesa.

A program of geobotanical prospecting was combined with soil studies
at Guadalupita, Mora County, N. Mex. Several hundred samples were collected

and are being analyzed for metal content.

The indicator plant method of geobotanical prospecting, by

P, F. Narten

The indicator method of geobotanical ‘prospecting utilizes the
tolerance or need of certain plants for relatively high concentrations of
specific elements. In the Coloradc Plateau selenium and sulfur are commonly
associated with uranium ores of the Morrison formation, and characteristic
selenium- or sulfur-requiring flora have been used as a gulde to uranium de-
posits. The distribution of indicator plants around uranium deposits in the

Shinarump conglameréte was studied in the San Rafael Swell, Emery County,
Utah, during July and August 1953. Work was begun in the vicinity of the
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selenium-bearing ores of Temple Mountain in the southeast rim of the Swell.

In this area over 12 miles of Shinarump outcrop and enclosing formations

were systematically examined. Similar examinations were extended to include
almost all mineralized Shinarump outcrops within the inner periphery of the
Swell, as well as the associated non-mineralized Shinarump, Moenkopi, and
Chinle formations, and a few Jurassic and Quaternary deposits., The examina-
tions consisted of mapping all indicator plants in selected areas at intervals
of approximately 6 miles or less; for most areas a complete list of the flora
on each formation was prepared.

Preliminary analysis of the data suggests that the use of indicator
plants in the San Rafael Swell would be best suited to the selenium-rich
rocks of the Temple Mountain-Shinarump Mesa area. Outside of that aresa
uranium-mineralized rocks are rarely défined by indicator plants on the
Shinarump benches., Pending receipt and appraisal of sample analyses and a
more complete study of the gedbotgnical significance of 125 plant species on
which data were accumulated, the use of indicator plants in the San Rafael
Swell remains possible, although at present the results are not encouraging.

Reconnaissance examination of the uranium deposits in the Salt
Wash member of the Morrison formation near Trachyte Ranch on the east side
of the Henry Mountains, Garfield County, Utah, has shown that Astragalus sp.
might be useful in delimiting favorable ground although the individual
uranium deposits in this area appear small. Reports from local prospectors
indicate that they have used the Astragalus plants effectively in prospecting.

At Poison Canyon in the Grants mining district, McKinley County,

N. Mex., Astragalus pattersoni on the Morrison sandstone clearly.defined

later discoveries of two large ore bodies and check well with radiocactivity
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anomalies discovered by the AEC. Drilling planned by the AEC in this area
will be based in part on plant distribution.

A TEM report summarizing the results of the study of indicator
plants on Carpenter Ridge and at the Jo Dandy group, Montrose County, Colo.,

is in preparation.

Resource appraisal

Ore distribution study, by J. D. Strobell, Jr.

Compilation of maps showing known uranium deposits and favorable
ground within the Salt Wash member of the Morrison formationbis in progress.
Maps covering the Gateway, Uravan, Paradox, Gypsum Valley, Bull Canyon, and
Slick Rock districts are partially complete and can be examined at the
Grand Junction office of the Geological Survey. The distribution pattern
of the deposits will be analyzed to determine trends of ore concentration
and to relate the pattern to such factors as geologic structures, erosion
surfaces, and inferred ground-water surfaces.

Much information must still be compiled and studied to érovide 21
basis for valid statistical and geologic conclﬁsions but a progress report
(TEM-632, in preparation) shows the methods and scope of the work and
summarizes the preliminary study of the Gateway and Uravan mining districts.
Based on incomplete data this preliminary study indicates that nearly 4 per-
cent of the ground tested in the Uravan mining district is underlain by
uranium deposits and nearly 30 percent of the ground is favorable. Less
than 1 percent of the ground tested in the CGateway mining district is under-
lain by deposits and slightly less than 10 percent of the ground is favorable.

The "average" size of the deposits is about three times larger in the Uravan



district than in the Gateway district, and there is a greater proportion of
larger deposits in the Uravan district. The data in these and the other
districts will be compiled and analyzed further and reports prepared im such
units as may yield significant relationships. The supplementary study of
the regional distribution of uranium and vanadium grades, which was planned

to begin during this report period, was postponed.

Reconnaissance resource appraisal, by W. I. Finch

Progress of the reconnaissance resource appraisal has been.
summarized in TEI-328, and a more detailed and comprehensive report is in
preparation. A report on the geology of the Shinarump No. 1 mine, Seven-

Mile Canyon area, Grand County, Utah (TEI-287) is being processed for trans-
mittal to the AEC.

The Upper Triassic Shinasrump conglomerate consists mainly of light-
colored sandstone and conglomerate in even-bedded layers and filling shallow
and deep stream channels at the base of the Upper Triassic Chinle formation.

As shown by the stratigraphic studies, the sandstone and conglomerate at the
base of the Chinle is not everywhere the same unit although it has consistently
been referred to as the Shinarump conglomerate.

Uranium deposits occur in the lower third, and more commonly in the
basal few feet, of the Shinarump. The uranium deposits are commonly associated
with the following features that may serve as guides to ore: 1) channels
and lenses along the margins of the Shinarump deposition; 2) clay and mud-
stone; 3) carbonaceous material; U4) mudstone alteration; 5) iron stains; and

6) sulfide minerals.
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Three belts of ground favorable for better than average uranium
deposits have been outlined. In Monument Valley, Utah and Ariz., significant
deposits lie in an arcuate belt about 8 miles wide and 40 miles long. In
Monument Valley, the Shinarump conglomerate conBists of deep channels in an
irregular zone whose northern limit trends northwestward into the Circle
Cliffs area, Utah. Significant deposits occur near the bottom of deep
channels that appear to form a channel system along and parallel to the
northern margin of Shinarump deposition, In the area between Monument
Valley and White Canyon, the Shinarump is absent for the most part and,
where preseht, does not contain any known deposits. To the north in the
White Canyon, Utah, and Capitol Reef, Utah, areas the Shinarump is dis-
continuous; where present, it mostly fills shallow channels and is absent
between these channels, The majority of the significant deposits lies in a
favorable belt from 2 to 8 miles wide and about 30 miles long in the eastern
part of White Canyon., These significant deposits occur near the bottom of
shallow channels that appear to form a channel éystem along and parallel to
the margin of the Shinarump deposition. North of White Canyon the Shina-
rump consists of an even-bedded sandstone. This even-bedded Shinarump
pinches out along an east-west line north of the Jjunction of the Green and
Colorado Rivers. Channels zre srarse in the even-bedded sandstone except
along the northérn edge where channels are common., These channels appear
to form a channel system that may extend eastward to the Big Indian Wash
area and westward into the San Rafael Swell. A belt of favorable ground,
gbout 10 miles wide and 100 miles long, is formed by the alignment of
significant deposits and geologically favorable ground in the southern half

of the San Rafael Swell, the area north of the junction of the Green and



Colorado Rivers, and the Big Indian Wash area. The boundaries of this belt
are formed in part by the channel system along the margin of Shinarump
deposition.

In the course of the study, the radioactivity of modern stream
gravels was measured and studied by R. T. Chew, III. Anomalously high radio-
activity in the detritus transported by present streams is a useful pros-
pecting aid under certain conditions, and such signs of deposits can be

picked up as much as one mile downstream.

Minersalogic studies

General mineralogic studies, by T. Botinelly, A. D, Weeks, and D, H. Johnson

Samples for mineralogic and petrographic study were collected from
the Edgemont area in South Dakota, the Pumpkin Buttes area in Wyoming, and
the Colorado Plateau. The ores of the Edgemont area contain tyuyamunite,
rauvite, hewettite, corvusite, barite, and native selenium; this mineral
association 1s similar to that found in the oxidized vanadiferous ores of the
Colorado Plateau. Minerals identified from the Pumpkin Buttes area include
tyuyamunite, carnotite, uranophane, liebigite, and bayleyite.

TEI-334, "Identification and occurrence of uranium and vanadium
minerals on the Colorado Plateau," by A. D. Weeks and M. E. Thompson and
transmitted in August 1953, contains physical properties, X-ray data, and
some results of chemical and spectrographic analyses of 24 urzpium and 17
vanadium minerals of the Colorado Plateau. Data are presented on the types
of ore, and the mineral associations and distribution of the types.

The ore is classified on the basis of whether the uranium is associ-

ated with vanadium or with copper and other metals; each type is subdivided
into highly oxidized or unoxidized types.
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The oxidized uranium-vanadium ore is characterized by thewpresence
of carnotite or tyuyamunite. Other secondary uranium minerals may be present
in small amount. The most abundant vanadium minerals are vanedium hydromica,
roscoelite, and corvusite. Accessory vanadium fhinerals are secondary quin-
quivalent veanadium minerals such as hewettite, pascoite, and rossite. This
type of ore is found in the Uravan mineral belt of southwestern Colorado;
the Temple Mountain area, Emery County, Utah; and in Monument Valley, Utah
and Ariz.

The unoxidized uranium-vanadium ore is characterized by its black
color and the presence of primary uranium minerals, pitchblende and
"coffinite" (a new uranium mineral to be described). The vanadium minerals
ere montroseite and other trivalent and quadrivalent vanadium oxides., This
type of ore is usually found in the deeper ore bodies, as in the Long Park
area, Mbntrose.County, Colo., or where an ore body has been exposed recently
ﬁy erosion as in Lumsden Canyon, Mesa County, Colo., or la Sal Creek,
Montrose County, Colo., and San Juan County, Utah.

The oxidized non-vanadiferous ore contains a wide variety of
secondary uranium minerals, such as hydrated sulfates, oxides, carbonates,
and phosphates. No one mineral predominates., Copper is the chief associated
metal and occurs as secondary minerals such as malachite, szurite, and
chalcanthite,

The unoxidized non-vanadiferous ore contains pitchblende and
probably coffinite. Where this type of ore is best developed (Happy Jack
mine, San Juan County, Utah) the uranium minerals are associated with copper

sulfides such as chalcopyrite, chalcocite ,» bornite, and other sulfides.



This type of ore is found in the White Canyon mining district and at
scattered localities in the Green River, San Rafael Swell, and Henry
Mountains districts.

Any of the unoxidized types of ore may grade into the oxidized
types or may be found as unoxidized remnants in an oxidized ore body.

In the Colorado Plateau new localities were found for andersonite’
and fervanite. New minerals found include & hydrated sodium vanadate
(N62003V20503H20) and a potassium uranyl arsenate belonging to the torbernite
group. Hewettite and metahewettite which were originally described as having
the same formula with nine molecules of water are being restudied after dis-
covery that the fully hydrated form readily loses six molecules of water.

The original definition of metahewettite is not clear and none of the present
specimens have indices of refraction similar to those given for metahewettite,
Some fully hydrated material has been purified for dehydration studies.
Liebigite was synthesized to check the formula given in the literature; the
occurrence at Pumpkin Buttes suggests that liebigite is related to bayleyite.

TEI-335, "Montroseite, a new vanadium oxide from the Colorado
Plateaus,” by A. D. Weeks, E. A. Cisney, and A. M. Sherwood was transmitted
in July 1953 and is published in the American Mineralogist for November-
December 1953. Descriptions of "navajoite', & new vanadium oxide, and
"rabbittite", a new calcium magnesium uranyl cerbonate, are in preparation.

Chemical and spectrographic analyses have been completed on paired
samples of red and gray clay associated with the ore-bearing sandstone and

a report 1s in preparation on the results of these analyses,
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Study of the mineralogy of the Monument No., 2 mine, Apache Counf;,
"Ariz. was continued during the report period. Detailed maps and wall sketches
at a scale of 1 inch to 10 feet were made of important parts of the mine., A
grayish-blue efflorescent mineral was identified as ilsemannite; this is the
first molybdenum mineral found in this mine. A punch-card system for use in
mineral identification based on X-ray diffraction, chemical, physical, and
optical datae is being developed. A progress report summariging the results

is in preparation and is planned for transmittal in the next report period.

Distribution of elements project, by W. L. Newman

The distribution of elements project is divided into three phases:
(1) distribution of elements in bedded ore deposits, (2) distribution of
elements in sedimentary rocks, and (3) distribution of elements in igneous
rocks, About 1,000 samples of rocks and ores have been submitted for analysis.
Analyses have been completed on most of this group; compilation and study of
the chemical data is in progress.

A TE report, "A statistical analysis of an ore body in the Legin
Group area, San Miguel County, Colorado," by A. T. Miesch ané E. M, Shoemaker
(in preparation) summarizes preliminary.resnlts of a study of the distribution
of uranium and vanadium oxides and calcium carbonate in a single ore body.
Statistical parameters of the assays show that these compounds have definite
distribution patterns in the ore body. Uranium oxides and vanadium oxides do
not occur with large percentages of calcium carbonate; the correlation co-
efficients between the uranium-vanadium‘and calcium carbonate in this ore body
are,.in each instance, negative. The study hes developed a method for deter-
mining the standard deviation of grade throughout an ore body; similar methods

of statistical analysis should be of use to all geologists concerned with

reserve appraisals.
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Preliminary results of the study of the distribution of elements
in sedimentary rocks and bedded ore deposits suggest that uranium deposits
are surrounded by "halos" of heavy métals which may be used as guides to ore.
These metals can be rapidly detected by recently developed colorimetric
analyses. The distribution of heavy metals will be studied further in areas
of known ore deposits and in areas away from known ore deposits in order to
test the applicability of geochemical prospecting methods.

TE reports, "Reconnaissance geology of the Ute Mountains, Colorado,”
by E. M. Shoemaker and W. L. Newman (in preparation), and "Lamprophyre in-
trusions and associated uranium deposits of the Navajo-Hopi Indian Reserva-
tion," by E. M. Shoemsker (in preparation) summarize some of the preliminary
results of studies of distribution of elements in igneous rocks. Geologic
evidence suggests that uranium deposits near the Ute Mountains and in the
diatremes are closely associated with igneous activity and may be of hydro-
thermal origin. The studies suggest that many of the same minor elements that
are found associated with uranium deposits tend to be concentrated in ferro-
magnesian minerals which crystallized early in the differentiation process,

It is hypothesized that acidic solutions relatively rich in radiocactive metsals
were concentrated during the course of differentiation; that these solutioms
hydrated the ferro-magnesian minerals and thereby released some of the minor
metals, including vanadium, and carried the metals out of the igneous bodies
during the final stages of consolidation of the magma.

During the next report period compilation of data and preparation
of a preliminary report will be continued. The preliminary report will

summarize the results of all aspects of the distribution of elements project.
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Cenozoic studies -

The Cenozoic studies have been recessed during this report period,
except for the editing and processing of a comprehensive report which summd#izes
vwhat is known concerning the Cenozoic history of the Colorado Plateau. Al-
though the project has been recessed, contributions to the knowledge of the
details of the Cenozoic history have been made by the regional mapping projects.

Geophysical district studies
by R. A, Black

Field work on the district studies project began in April 1953 and,
with the exception of .the electric logging program, was recessed in Novenber
1953. Electrical resistivity, seismic refraction, magnetic and self-potential
surveys, and experimental surface-inhole electrical studies were made during
the 1953 field season. Electric logging of drill holés is being done in con-
nection with an exploration program to test directly the geologic utility of
the method in guiding exploration.

Self-potential and electrical resistivity surveys have been com-
pleted in the Deer Flat area, San Juan County, Utéh. The association of sul-
fide minerals with the uranium ore in the Hideout mine in this area suggested
the use of self-potential methods of tracing the ore-bearing channel in the
vicinity of the mine. Measurements were made on a bench behind the mine, but
no correlation existed between the small anomalies obtained and the ore-bearing
channel, Electrical resistivity horizontal and depth profiling techniques were
used in Deer Flat to locate faults or fractures, which might be associated with

the ore deposits, and to locate channel trends. "A preliminary report on
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geophysical investigations of the Deer Flat area, White Canyon district, San
Juan County, Utah," by W. H. Jackson (in preparation) summarizes the results
of this study.

A geophysical survey, employing magnetic, self-potential, and
electrical resistivity horizontal profiling methods, was made near Grants,
N. Mex. (1) to determine the cause of a magnetic low previcusly discovered in
this area with the airborne magnetometer, (2) to attempt to trace under alluvial
cover several major faults which might affect exploration drilling in the area,
(3) to attempt to detect shallow ore concentrations where associated with
hematite, and (4) to investigate a series of linear gecbotanical anomalies in
the area. The magnetic measurements showed that the magnetic low was an edge
effect of a nearby lava sheet, but no magnetic anomalies were obtained over
the shallow ore bodies or the gecbotanical ancmalies, and the faults could
not be traced magnetically. The self-potential survey showed'no anomalies
which could be correlated with the shallow ore bodies or with the faults or
the geobotanical anomalies. Preliminary examination of the electrical re-
sistivity data indicates that the horizontal profile data may delineate some of
the fault trends. A report will be prepared on the results of this work during
the winter months.

Electrical resistivity measurements were made in the vicinity of the
Monument No. 2 mine, Apache County, Ariz. to determine if the Monument No. 2
channel extends under the sand-covered Cane Valley area. An area approximately
3,000 feet by 1,000 feet was investigated. The data are being interpreted by
theoretical means, and a report on the results will be issued during the next

report periocd,
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Electrical resistivity surveys were made on Holiday and Oljato
Mesas in the Monument Valley area, San Juan County, Utah. The measurements
on both Holiday Mesa and Oljato Mesa were for the purpose of delineating the
Shinarump channel pattern on the mesas. The field data collected at Holiday
Mesa are being compiled for theoretical interpretation and a report on the
results of this work will be prepared during the winter months. The electri-
cal measureﬁents on Oljato Mesa were made in a test area roughly 1 mile by 2)
miles. Seismic refraction measurements were made in this same area. A de-
tailed comparison will be made of methods of mapping the buried contact of
the Shinarump conglomerate and the Moenkopi formation so as to delineate
channels. These data are being compiled for interpretation during the winter
months. If favorable results are obtained, recommendations for drilling in
these areas will be made, A combined report on the electrical resistivity and
seismic results will be issued prior to resumption of field activities in the
spring of 195k, |

Further tests of the ability of the seismic refraction method to map
the Shinarump-Moenkopi contact and to delineate channel trends were made on the
Hunts and Oljato Mesas in Monument Valley, Utah and Ariz. The alir shooting
method was used during these tests. The results of the tests indicated that,
with certain limiting conditions, seismic refraction surveys could be used to
map the contact of the Moenkopi formation and the Shinarump conglomerate and
to delineate channel trends.

Electrical resistivity measurements were made in the Spud Patch
area, San Miguel County, Colo., to obtain resistivity depth curves suitable
for theoretical interpretation. Electric logglng at Spud Patch in 1952

suggested that surface resistivity curves in this area should approximate a
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theoretical five layer curve, with the resistivity variations in the Salt Wash
being shown at Wenner electrode spacings between 150-400 feet. The measure-
ments made in Spud Patch will be used to test the validity of this suggesition.

An electric logging unit has been operating in Long Park, Montrose
County, Colo., in conjunction with the current Geélogical Survey drilling
project in that area. Electric logging at Spud Patch and several other lo-
calities on the Colorado Plateau during 1952 indicated that electric logs
could be used toc obtain indices of the favorability for ore within sandstones
of the Salt Wash member of the Morrison formation, as well as porosities,
permeabilities, and water salinities and saturations. The present program is
intended as an objective test of the usefulness of electric logs as explora-
tion toocls. In addition to the routine electric logging in Long Park, electric
logs of drill holes BCX-1, BCX-2, and LP-530 were obtained. These will be
used in connection with original-state core studies con cores from these drill
holes.,

A magnetic survey was completed at Temple Mountain in the San Rafael
Swell, Emery County, Utah, to determine if a buried igneous body is associated
with the altered and collapsed zone in this area. No detectable anomaly was
obtained over the altered zone at Temple Mountain itself, but a strong positive
anomaly of several hundred gammas was fourd offset to the southwest. This
anomaly is superimposed on a strong regional gradient.. Operations in this
area have been recessed pending the results of airborne magnetic measurements
to be made in this area in the spring of 1954. A preliminary report on the
results of the ground magnetic work is being prepared.

A magnetic investigation of the Round Mountain stock in Castle Valley,

Grand County, Utah, has been completed. This survey was made to determine if
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Round Mountain was connected to the La Sal Mountains by a shallow lateral
feeder. The results of the survey indicate that no shallow lateral feeder
exists, and that Round Mountain is fed vertically from a point offset slightly
to the southeast of the present igneous outcrop. Information as to the shape
of the stock was also gained from this survey. TEI-342, "A magnetic investi-
gation of the Round Mountain stock, Castle Valley, Utah,"” by R. A. Black (in
preparation) summarizes the results of this study.

Experimental surface-inhole electrical measurements were made during
this report period. Measurements were made in Salt Wash sandstone at Spud
Patch, San Miguel County, Colo., to try to delineate directional resistivity
trends from drill holes. Preliminary results indicate that directional re-
sistivity trends obtained in the Spud Patch area may correlate with favor-
ability trends in the Salt Wash in that area. Surface-inhole measurements
were also obtained in the Shinarump conglomerate at Frey Canyon, Utah, but,
although the results look promising, not enough data have been obtained to
determine that channel trends can be located definitely by these measurements.
A preliminary report on the results of these measurements is in preparation
and a final report will be prepared in the spring of 1954 after the inter-
pretation has been completed.

Present plans are to resume field operations in April 195k with an
electrical resistivity crev and a seismic refraction crew for georhysical
prospecting surveys. Specific areas to be tested will be selccted on the
basis of reports by field geologists on field work done in Morrison and
Shinarump areas during the 1953 field season., Electrical well logging will
be continued in connection with exploration projects. The electric logging

equipment may be combined with the gamma-ray logging units., Surfoce-inhole
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work will be resumed in June, possibly on an exploratory basis. Magnetic
ground surveys will be made where required to provide geologic information on
igneous intrusives and to detail small anomalous areés discovered by the
regional airborne magnetometer survey. Thermal studies will be made in the
- Temple Mountain area to determine if temperature anomalies are associated with
the altered zones in this area. Some experimental shallow reflection seismic
studies may be made in selected areas,

Regional studies

by H. R. Joesting

Regional geophysical studies of the Colorado Plateau started in ?

July, 1953. The project is concerned with obtaining and analyzing regional
magnetic, gravimetric and other geophysical gnd geological information in order
to define as completely as possible the regional structural trends, buried
intrusives, and topographic and compositional changes in the basement; and to
determine the relationship between regional geologic features and the occurrence

of uranium.

Aeromagnetic surveys

Aeromagnetic surveys of the Colorado Plateau flown during fiscal
year 1954 and earlier are shown in figure 3. Magnetic contour maps of the
Uravan area have been compiled and will be released as a Trace Elements In-
vestigations Report.

During the reporting period a total of 11,500 traverse miles were
flown, including special surveys over the Abajo, Sleeping Ute and Navajo
Mountains, and over the Boundary Butte anticline in southeast Utah. In addi-

tion, an area was flown in Arizona, south of Monument Valley, All lines,

exceplt base lines, were flown east-west and were spaced one mile apart,
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Gravity surveys

Regional gravity studies in the Colorado Plateau were initiated with
the establishment of a network of base stations; a relatively detailed survey
of the Gateway-Uravan-Egnar area of Colorado and a less detailed survey of the
area between the Green and Colorado Rivers (figs.3 and 5). A total of asbout
850 gravity stations were established, including about 70 base stations.
Approximately 630 of these stations comprise the survey in the Uravan mineral
belt area, 16 stations make up a profile from Blanding, Utah, west to Elk
Ridge, and the remainder are in the inter-river area.

A network of base stations has been esteblished as shown in figure b,

Gravity surveys are now being run in that part of the inter-river
area, between the Green and Colorado Rivers, for which topographic coverage
is available. |

Compilation of the Bouguer isocsnomaly gravity map for the Gateway-
Uravan-Egnar area is proceeding, but is slowed somewhat by the time required
to make terrain corrections. It is estimated that the map will be completed
by the end of January, 195k, Compilation will begin shortly on the map for
fhe portion of the Inter-River area surveyed,

In view of the accuracy of the survey of the Gateway-Uravan-Egnar
area it is probable that the subsequent gravity map will have a contour
interval of one milligal except in the areas where more accurate control is
available. In these areas the map will probably be contoured at an interval
of .5 milligal. It is tq be noted that an effor of 10 feet in elevation

corresponds to an error of .6 mgal. in the Bouguer snomalies.
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Fig. 5—Colorado Plateau Regional Geophysical Studies. Gravity Coverage in the
Gateway-Uravan-Egnar Area, Colo. (See page 283.)



The direct relationship of radiocactivity with increasing spread of grain-
size distribﬁﬁion and increasing water content, and the inverse relationship
with skewness épparently holds somewhat more consistently than the inverse
relationship between permeability and radicactivity. In the more radio-
active ;ntefvals, however; the invérse relationship between radioactivity
and permeability ié very good.

Anélysis of the pore water recovered from cores indicates that;
as regards identity and relative concentration of commoner anions, ground
ﬁater éollecfed from gurface springs and mine openings are quite similar to
the pore water of the‘core samples, The water in the pore space, however,
contains much greater concentration of thé commoner anions; in fact, the
pore water is probably a saturated solution, with the high concentration
attributable to evaporation underground.

Laboratory tests of the elastic constant properties indicate
that the velocity of propagstion of sound waves in the Salt Wash member of
the Morrison formation may be greater in those localities where the minerali-
zation is poor or absent and slower where oré occurs, Because of the paucity
of éamples, this conclusion must be considered as very tentative. However,
if the Salt Wash me?ber does generally show higher velocity in poorly min-
eralized or unfavorable ground, 8 seismic survey may show a higher velocity
surface cutting across a stratigraphic horizon in the Salt Wash, rising in
the direction of unfavorable ground and descending in the direction of

favorable ground.
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Fig. 5— Colorado Plateau Regional Geophysical Studies. Gravity Coverage in the
Gateway-Uravan-Egnar Area, Colo. (See page 283.)
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Preliminary conclusions

As no systematic examination of magnetic cor gravimetric data has
yet been made, only a few tentative conclusions can be drawn,

Small, positive magnetic anomalies were observed over the lac-
colithic La Sal, Abajo, Carrizo and Sleeping Ute Mountains., These would
be anticipated from rocks of intermediate to acid composition. A small
positive anomely wes also observed over Navajo Mountain; from this it is
inferred that WNavajo Mountain is underlein by a laccolithic intrusion.

A broad, positive megnetic anomaly of relative high amplituéemb
extends south from the Abajo Mquntains to Blending. Another prominent
anomaly was found to:coincidexapproximately with part of Comb Ridge, and
still enother with the Boundary Butte anticline. There appegrs'to be no

direct and simple relation between these large magnetic features and surface

geology, and no attempt has yet been made to relate them to subsurfgce geology.

Plans
Aeromagnetic surveys of most ofy the north and vest pbrtign‘pf.ppe
Colorado Plateau {fig. 3) will be flown in fiscal éear 1955, and the re-
mainder will be flown in fiscal 1956. It is possible, however, that the
northern part of the area, including the San Rafael Swell, will be flown in
February and March,.195h, provided weather and other operating facths are
favorable, |
Compilation of aeromagnetic data equivalent to ebout 3,000 traverse
miles is scheduled for the remainder of fiscal year 1954, In addition,
arrangements have been made to compile partly the special high altitudé;sur-
veys over the Abajo, Ute, Carrizo, and Navajo Mountains in the Grand Junction

office of the Survey.
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Adequate tépographic maps of much of the\g;ateau are:either on
hand or in preparation, and plans for the regional gfavity surveys are based
on the availability of these maps, Gravity surveys of the inter-river area
between the Green and Colorado Rivers will be made during the remainder'of
Piscal year 1954 (frig. 3); and a stért will probably be maede in the Monument
Valley area in southeast Utah and northeast Arizona.

Original-state core studies
by G. E. Manger

Core samples from four drill holes have béen obtained by drilling
with oil-base mud and air as the circulating mediums, The core samples were
carefully sealed in the field to avoid loss of iﬁterstitial contents. To
date, samples of rock matrix with and without interstitial contents have

been subjected to an extensive series of physical tests, and the recovered

interstitial pore water has been subjected to chemical:tests; Significant
results obtained during the present repcrting period are described below.
Date from detailed textural analysis have been collated with de-
tailed analysis of physical properties including permeability and water con-
teht of the pore space, and with radioactivity measurements. The combined
‘informatiqn shows that radioactivity in the formatioﬁ;bears & close direct
relationship with increasing spread of the grain size distribution and with
increasiné water saturation of pore space, and a close inverse relationship
with permeability (dry air) and with departure from a symmetrical distri-
bution of grain size (skewness)., The crux of this relationship seems to lie
peither in the absolute values of the size distribution parameters nor in
the absolute values of'physical properties measurements, bﬁt in the magni-

tude of these values relative to values in immediately adjacent rocks.



- The direct rélationship of radicactivity with increasing spread of grain-
siie distribﬁtion and ingreasing water content, and the inverse relationship
with skewness #pparently holds somewhat more consistently than the inverse
, relationship'between permeability and radioactivity. In the more radio-
active intefvals, however, the invérse relationship between radiocactivity
and permeability'ié very good; |

Analysis of the pore water recovered from cores indicates that;
.as regards i@entiﬁy and relative concentration of commoner anions, ground
ﬁater éollecfed from surface springs and mine openings are quite similar to
thé pofe water of the'coré samples, The water in the pore space, however,
contains much.gxeater concentration of thé commoner anions; in fact, the
pbre water is probably a saturated solution, with the high concentration
attributable to evaporation underground.

Laboratory fests of the elastic constant properties indicate
that the velocify of propagation of sound waves in the Salt Wash member of
the Morrison formﬁtion may be greater in those localities where the minerali-
zation is poor or absent and slower where oré occurs., Because of the paucity
of éamples, this conclusion must be considered as very tentative., However,
if the Salt Wash me?ber does generally show higher velocity in poorly min-
eralized or unfavorable ground, a seismic survey may show a higher velocity
surface cutting across a stratigraphic horizon in the Salt Wash, rising in
the direction of unfavorable ground and descending in the direction of

favorable ground.
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Reconnaissance
by J. D. Love

Gas Hills area

In the Gas Hills area of central Wyoming (see fig. 6 ) uranium
minerals have been discovered in the Wind River formation of early Eocene
age, in middle and late Eocene rocké, and in the Thermopolis shale of
early Cretaceous age, The mineralization is concentrated in clayey and
conglomeratic sandstone and in carbonaceous shale; the uranium occurs
chiefly in the form of a greenish-yellow highly fluorescent mineral tenta-
tively identified as uranospinite, Ca(U0p)y(AsO)),.8-12H,0. Analyses of

the samples are:

Rock Formation Percent U
Sandstone Wind River 1.87
Carbonaceous shale Wind River 0.062
Sandstone Middle and late Eocene 0.078
Shale Thermopolis (directly 0.0L1

below Wind River)

The approximate boundaries of the area of above-normal radio-
activity in the Gas Hills area have not been determined, although anoma-
lously high radioactivity is known to occur at intervals throughout an
area extending about 20 miles northeast and southwest and 5 miles north-
west and southeast.

Mayoworth area

Uranium minerals, probably carnotite or uranophane or both,
occur in the basal limestone of the Upper Jurassic Sundance formation

about 2 miles southwest of the abandoned postoffice of Mayoworth (fig. 6 ),

i
|
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Johnéon County. In this area numerous spots of considerable radioactivity
were noted along the outcrop of the oolitic limestone for a distance of
more than half a mile. The limestone is 9 feet thick and the upper 2 feet
shows abundant yellow staining along fractures and to a lesser extent in
and around the oolites. A scintillation counter here reads a maximum of
1.5 mr/hr; half a mile southeast at the top of the same limestone the
reading is 2 mr/hr but no mineralization is visible. A chip sample of
the surficial 3 inches of limestone contains 0,17 percent eU, 0,030 per-
cent U, and 0,10 percent Vy0g; and a selected sample from the northwest
end of the area examined contains 0.70 percent eU, 0.7l percent U, and

0.56 percent Vy0c.

East Tabernacle Butte area

This area (see fig. 6) was flown with airborne scintillation
equipment by the Geological Survey and five anomalies were recorded.
When these were checked with a hand scintillation counter no significant
radiocactivity was found; but it is possible that additional examination

with carborne and hand equipment may indicate points of interest.

Masrshall area

In the Marsghall area of Albany County (see fig. 6 ) manganese
occurs in the upper part of the Casper formation, the exposed parts of
which are of Pemnsylvanian age, along its contact with the overlying

White River formation of Oligocene age. The manganese occurs on rounded
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knobs which once were buried by White River rocks and later exhumed. A

random sample of'cherty manganiferous limestone from one of the prospect

.piﬁs which have been dug in the area contains 0.015 percent eU, 0.,01L

v

percent U, and 0.2k percent V,0g. A fossil bison bone from deposits of
Pleistocene age overlying the White River formation contains 0,028 percent

elU, 0.086 percent U, and 0,06 percent Volgo

Split Rock area

The possibilities of uranium deposits in the Pliocene (?) rocks
of the Split Rocic area (see 'fig. 6 ) were described in 1952 Y Love, TEM~282),
Additional samples were collected during the past six months. A surfacé
sample from one limeétone deposit which showed a maximum scintillation
counter reading of 1 mr/hr contained 0,028 percent eU, 0.023 percent U,
and less than 0,05 percent V205; another and larger deposit showing the
same reading contained 0,02l percent eU, 0,00l percent U, and 0.06 per-

cent VéOg. A second sample contained 0.03L percent eU, 0,007 percent U,

and 0.06 percent V,0ze A white tuffaceous shale believed to be strati-
graphically directly below the lenticular limestone is exposed 1/2 mile

to the northeast of the limestone outcrops; a sample of this rock contains
0.011 percent eU, 0,013 percent U, and 0,10 percent Vécso Fossil bone
fragments from a sandstone bed about 30 feet below this bed contain 0.17
percent eU, 0,015 percent U, and 0.27 percent Vo0ze It is believed that
a carborne scintillation detector can be used to advantage in further

reconnaissance in this area.



Other localities

Cursory examinations were made of seven localities which are

numbered consecutively on fig. 6.

Analyses, percent

No. Locality Rock el U VéOS
1 Flagg hot springs Psilomelane 0.019 0,003 0,08
2 Mink Creek Fossil bone from
white tuff 0,005 0.006 0,10
3 Pilgrim Creek Fossil bone from
gray tuff 0,005 0,005 0,06
b Jackson Elk Refuge Carb shale 0,002 - -
Tuff 0,003 - -
5 Camp Davis Fossil bone from
white tuff 0,020 0,021 0,06
6 Split Rock Miocene Fossil bone from
locality gray sandstone 0.020 0,020 0.1l
7 Spoon Buttes Fossils from
gravel 0,027 0.028 0.08
Sandstone 0,003 0,003  0.05

Powder River Basin, Wyoming
by D. F. Davidson

Uraniferous deposits in the Powder River Basin are of two
types: (1) small concretionary masses containing manganese, iron,
vanadium, and uraniumg and (2) disseminations in sandstone containing
little or no manganese or iron; Both types occur in lenticular, cross-
bedded, medium- to coarse-grained, reddish gray sandstones that are 450

to 900 feet above the base of the Wasatch formation of Eocene age.
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Geologic mapping at scales of 1:18,000, 1:12,000, and 1:28,000
was done in the Butte 2 SW, Sussex 1 NE, and Sussex 1 SE 7 1/2-minute
quadrangles, Five - uranium-bearing areas were mapped at scales ranging
from 1:660 to 1:2,400. Stratigraphic sections of the Wasatch formation
were measured and approximately 3,000 feet of Wasatch core from holes
drilled‘by the Bureau of Mines for the AEC were described. A large number
of samples were taken for analysis,

Several tentative guides useful in the search for hidden uranium
deposits were developed; (1) the occurrences appear to be restricted to
certain traceable stratigraphic units; (2) they appear to be intimately
associated with concentrations of carbonate minerals, local reddening of
normally brown sandstone, and certain sedimentary structures in sandstones;
and (3) they may be indirectly related to fracturing, which in turn may be
related to regional structure.

The winter will be spent in compilation and study of allimapping
to date and all available stratigraphic information, as well as study of
thin sections and assay data of samples. An interim report on the Pumpkin
Buttes uranium deposits will be completed during the first half of 195,

Poison Basin area, Carbon County, Wyoming
by J. Do Vine and G. E. Prichard

Uranium-bearing sandstone was discovered on October 15, 1953,
in the Browns Park formation of the Poison Basin area about seven miles
west of Baggs, Carbon County, Wyoming, (See PRER's F-1013 and F-101L).
Occurrencdés  extend over a distance of at least one mile (seecs, L and 5,
T. 12 Noy R. 92 W.) as shown by the two locality numbers on the geologic i .

map- (£4g. 79. The discovery was reported to AEC personnel on October 17th,
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They immediately conducted an aerial rédioactivity survey, the results of
which were subsequently posted as an AEC airborne anomaly location map of
Carbon County, Wyoming, released November 15, 1953, The U. S. Geological
Survey has also flown an aerial radioactivity survey, the results of which
are not yet available, Analyses of preliminary samples from the area are

very encouraging, as shown belows

el U
Pit No, Field No, ILab, No. (percent) (percent) Description
Locality No. 1.
1 Vw3-89 D-98776 0.86 0.90 Grab Dk. brown sandstone
1 90 0.43 0.39 18" Brown sandstone
1 Lo1 0.5 0,69 Grab Black sandstone
Locality No. 2. _
2 93 0.25 0.011 Grab Reddish-brown sand
2 o 0,02 12" Reddish-brown sand
3 95 0.70 0,69 12" ; Brown and green sand
L 56 0.1 ' 12" Greenish-gray sand
La 97 1.5 3.21 Grab Yellow sandstone
LB 98 0.13 Grab Reddish-brown sand
5 99 0,037 0,021 12" Gray sand
6 Loo , 0.3 0,16 6% Yellowish sandstone

Pit No. 1 is the discovery locality on the hillside about 150 feet nofth
of the main road, Locality No. 2 is a group of eight low hills known as
Poison Buttes through which the main road winds. The samples from locality
2 were collected from seven pits dug near the tops of five of the hills.
Uranophane, (}81(802)2»‘53‘1.207062120,9 has been identified as the principal uranium
mineral from both of these localitiss,

The cccurrence of uranium here is significant because it indicates
the possibility that additional uranium deposits may be present in the Browns
Park formation and possibly also in the underlying formations unconformably

overlapped by the Browns Park in Poison Basin and adjacent areas.
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South Dakota

, Black Hills, South Dakota
by G. B. Gott, L. R. Page, and R, S. Jones

Areal mapping

" Approximately 65 square miles have been mapped at a scale of
1:7,200 in the Edgemont NE, Edgemont, Minnekahta, and Flint Hill quad-
rangles (fig. 8). About 3 square miles were mapped at 1:20,000 along
the Cambrian-pre-Cambrian contact in the Harney 3 SE and 3 SW quadrangles.
Mapping of this limited area indicates that the greatest density of uranium
occurrences is marginal to the steepest dips of the ore-bearing beds and
that the larger'deposits are localized in alternating sandstones, siltstones,
and mudstones. This suggests that structure and variation between permeable
and impermeable lithologies of the host rocks are controlling factors in
the localization of carnotite.

The most pronounced structural feature in the area is the Chilson
anticline, a southward-plunging anticline superimposed on the Black Hills
uplift., Superimposed upon the west flank of this anticline is a structural
terrace that produces a peculiar step-like arrangement of gently and steeply
dipping beds. Several deposits have been found at or near the abrupt
changes in dip b&rdering the structural terrace, The combination of rela-
tively flat-lying and steeply dipping beds suggest possible underlying
intrusives although the structure may have resulted from some poorly under-
stood type of compressive folding.

Numerous small faults with as much as 70 feet of movement have
been found, but are not known to have a direct relationship to the uranium

deposits.
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Widespread but small-scale collapse structureg, probably caused
by solution of pre-Jurassic rocks, are also presenﬁ; The movement of
soluble calcium‘or potassium salts, as a result Sf the sclution process,
may be of geochemical significance in the stud&.of the uranium deposits.

Several small radiocactivity anomalies of 0.02 mr/hr or greater
‘are shown on fig, 9, Additional radiocactivity work would probably dis-
close other anomalies,

In the mapping it has not been possible to reconcile the
original definition of the boundaries of the Lakota, Fuson, and Fall
River formations with the rocks as they are exposed. Although these
formational names are used in the current mapping program to designate
arbitrarily units of the Inyan Kara group, it seems clear ﬁhat a re-
definition will eventually be necessary. :

Detailed studies

Detailed studies were made of 8 uranium.properties:  the Lion
group, Sheep Canyon, Pabst No. 3, Virginia C, Accidental Nooll,:Roadhog
3A, and Cycad-Mattias Peak in Fall River Co., and the Pass Créék area near
Dewey} Custer Co.

Although minute quantities of uraninite were identifiedvby X-ray
in a drill core from the Lion group, most of the deposits primarily contain
carnotite associated with (a) Iron- and manganese-rich carbonatéfiméregnated
sandstone (Lion No, lLi, Pabst No. 3), (b) ferruginous sandstone (Liankx Ts
Accidental No. 1, Pabst No. 3, Pass Creek area), (c) silicified sandstone
(Pabst No..3), (d) closely spaced joints (Sheep Canyon, Cycadpmatt;as‘féak,
Lion Group, Pabst No. 3), and (e) abundant shale partings (Virginia C,

Roadhog 3A; Sheep Canyon). Investigations at these properties involved
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mapping at scales of 1:240 to 1:2,400, sampling, and application of geo-
chemical, geobotanical, radicactivity, and petrographic techniques.

Most of the carnotite deposits are associated with ferruginous
sandstone, one variety of which is a useful criterion for delineating
uranium-bearing areas., This varlety is a distinctive pinkish-red sand-
stone that occurs as a halo partly, or entirely; surrounding carnotite-
bearing sandstone and its presence is sufficient to warrant further
exploration. Other types of ferruginous sandstone may or may not be
associated with wranium, Heavily impregnated red ferruginous sandstones
or "iron stone". at the Pabst No. 3 mine appears to represent a halo above
favorable ground, but additional exploration is needed to prove this
relationship.

Many of the deposits studied appear to be localized in areas
where the rim rock weathers into joint blocks spaced 1 to 3 feet apart.
Master joints controlled deposition of a major part of the carnotite
(as at the Lion group). Where these joints cross shale partings, as
in the Sheep Canyon deposits, carnotite may be deposited laterally from
the joints below a shale layer. The joints and shale partings also
control deposition of other metals such as V; Mn; As, 2n, Pb, and Cu.
Highly fractured areas are favorable ground for expioration, but vertical
drilling may not prove satisfactory for finding high-grade ore, because
the tabular bodies of such ore are nearly vertical.

Extensive St;Aies were made with scintillation detectors of low-
level radioactivity. The background count on the sandstones of the Inyan
Kara group was determined as less than 0.0L mr/hr. A line representing

this amount of radioactivity was found in several areas to include all
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knova deposits as shown in fig 10, map of the Cycad-Mattias Peak mine,
Higher levels of radiocactivity, such as .02 mi/hr, were outlined inside
the .01 ™'/hr line and apparently pinpointed additional deposits, some
of which have been mined. As other rock types have different radio-
abtivity backgrounds, the level of radioafctivity that can be considered
anomalous varies with the lithology. On the theory that the radioactivity .
measured is the result of movement along joints and bedding planes outward
from carnotit® deposits, low-level anomalies would indicate areas 'faVOr-
able for shallow drilling (probably less than LO feet). Further research
on relating surface anomalies and geology to the results of deep drilling'
may make it possible to use this method to find ore in lower horizons -
perhaps as much as 300 feet in depth.

Geochemical and geobotanical studies were made in favorable
areas, The geochemical investigations were found to be quicker and less
costly, as well as giving more complete coverage. -Soil sampling on 100-
foot grids combined with scintillation counter measurements outlines
anomalies that may be halos over uranium deposits. The soil samples were
analyzed for V, Pb, Cu, and Zn in the field and‘for as many as 15 metals
in the laboratory using rapid semi-extraction methods of analyses,

Vanadium.probably is the most useful metal for indicating
areas favorable foﬁ uranium deposits. The diétribu’oion of zinc appears
to bé somewhat less useful, By a method of rapid field analysis for
vanadium devised by the Survey, soil samples were found to contain as
much as 0.5 percent vanadium and anomalous areas could be readily de-
fined, Field analyses were also made to determine the distribution of

}
vanadium along joints and within uranium  deposits.
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A cold dithizone extraction method for in, Pb, and Cu combined
was used in the field. Blue-black joints gave higher combined 2n, Cu,
and Pb values than soils, the soils yielding very low values ranging from
no detected metals up to 0.6 micrograms detected as Zn. The anomalies
obtained by the dithizone method for combined Zn, Cu, and Pb do not occur
in the same place as zinc anomalies (fig. 9 ) obtained by other methods
of chemical extraction. a

Zinc is concentrated along the blue-black, iron-bearing joints;
at the contact between siltstone and sandstone, and shale and sandstone;
and in reaction rims around small carnotite bodies. At the Lion group
20 parts per million of zinc were detected in a small ore body. The
black reaction rim around the ore body contained 100 ppm, and the sur-
rounding sandstone LO ppm. Most sandstones in the area contain less
than 20 ppm. These reaction rims have been seen also at the Pabst No, 3
property. A somewhat similar zinc distribution has been noted in the
Colorado Plateaus area (TEI-278, p. 29).

Figure 9 shows the radiocactive, vanadium, and zinc anomalies
on the Lion No. L4 claim where small amounts of carnotite are exposed in
shallow bulldozer trenches. Within the radicactivity anomaly there are
high zinc and vanadium anomalies,

Geochemical work at the Pabst No. 3 mine consited of analyiing
22 samples at intervals over 16 feet of alluvium, siltstone, and sand-
stone stratigraphically above the ore-bearing sandstones and also grid-
sampling soils over bc;t.h the flat dip slope and the canyon wall on which
, uranium deposits were exposed., The siltstones and sandstones in the

vertical section averaged 0.0l percent V; the highest analysis was 0,06
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percent V. The content of V in the alluvium was 0,15 percent at the sur-
face and decreased downward to 0,01l percent at the first siltstone; Vana-
dium (as much as 0,5 percent) and radiocactivity (over 0.1 mr/hr) anomalies
were found at several places on the surface in the area studied. Their
evaluation in terms of uranium must await further exploration,

Geobotanical studies include (1) identification of about 150
species of plants, (2) collection (Rader and Frost) of about 200 samples
of pine, juniper, and other plants for background studies of uranium and
other metal content, and (3) collection of about 50 samples of plants
from areas of detailed soil-sampling for comparison of metal content of
plants with soils, This work substantiates Helen Cannon's conclusion
(TEM-163) that uranium indicator plants are probably absent in this area
and that absorber plants, such as pine, are most useful in outlining
areas favorable for uranium deposits where pines grow. Pine irees are
found, however, on less than 50 percent of the area underlain by out-
cropping, ore-bearing Inyan Kara sedimentsy, and no plant has been found
in the area where the pine trees do not grow that can be used in pros-
pecting for uranium.

Radioactivity was observed in two spring waters in Sheep
Canyon, indicating present movement of radioactive elements. Further
evidence of movement of radioactive elements ié found in the presence
of ra&ioactiveAbones (Pleistogene?) in soil filling fraetu;es\t%ﬁt cut
the carnotite dqpﬁsits on thé‘ficﬁégraph‘claim; Equilibriﬁm stﬁéies of
a uraniferous opal coating on sand grains in a Red Canyon deposit suggests

that this uranium has also been deposited at a relatively recent date.
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Cedar Canyon area, Harding County, South Dakota
' by Jo Ro Gill
Carnctite in the tuffaceous sandstones of the Chadron forma-
- tioh of the White River group (Oligocene) in the southern part of Slim ‘
Buttes was discovered in March 1953 (TEI-330). Since that time a
geologic map of the southern part of Slim Buttes on a scale of 1:31,680
and & d@tmsd t@pographic map of the carnotite deposit on a scale of
- 152,L400 héve been prepared. A report describing the occurrence will
be transmitted in January,
White River Badlands
by G. W, Moore
Secondary uranium minerals were discovered July 28, 1953, in
sandstone channels in the Chadron formation of Oligocene age in the
White River Badlands, Pennington County, South Dakota, Mineralization
is also present in thin freshwater limestons beds in the Chadron forma-
" tion and in groundwater-deposited chalcedony veins in the overlying Brule
formation, also of Qligocene age, The uranium mineral in the sandstone
has been identified as uranocircite; that in the limestone has been
tentatively identified as tm&mnite or metatwyanmﬁiteo The uranium
mineral in‘ the chalcedony veins, which occurs as a yellow efflorescent
coating on the outer surfaces of the half-inch veins, has not yet been
determined, Assay data is as follows?

Sample " :
No, . Location Material . Type of sample eU¥ UX. '
1 Sec, 31-35-13E - Sandstone _ Grab 0.12 0,22,
2 -Sec, 31-3S-13E Sandstone o 1.0' channel 20 .25,
3 Sec, 36-3S-12E Limestone Grab 017 .023
L Sec, 36-35-12E Chalcedony vein Grab . .007 .003 o
g "~ Seco 31-35-13E Chalcedony vein - Grab 1 .010 L0113 .

Sec. 7-4S-13E Chalcedony vein . Grab 015 o013
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. The uranium minerals occur principally in a sandstone channel
about 8 feet thick which is 12 feet below the top of the Chadron formation
in the NE% sec. 31, T. 3 S., R. 13 E, The most intense mineralization is
. 1n‘the lowér 2 feet of the channel, directly above a thick, impefmeable
bentonite bed, It is thought that the uranium was derived from overlying
mildly radioactive tuffaceous récks of Oligocene and Miocene age, and that
the mineralization was effected by downward and laterally moving ground-
water,

About 1213quare miles, including all of the known areas of uranium
mineralization, have been mapped at a scale of 1:12,000. Geologic investi-
gations were concluded September 5, 1953, and a report on the area is now

in preparation.
New Mexico

Guadalupita
by C. M. Tschanz
The copper and uranium deposits in the Coyote district, near
Guadalupita, occur in lenticular shale, sandstone, arkose, and limestone
beds in the lower 2500 feet of the Sangre de Cristo formation, of Pennsyl-
vanian and Permian (?) age. Figure 1lshows the general geologic relation-
ships and the location of most of the mineralized zones, All but one of
the known deposits (fig. 11, locality 7) are in a narrow belt of steeply
dipping, upturned to overturned, sediments. Several mineralized zones
are associated with fossiliferous, marine beds (fig, 11, locality 1 and
aréa G .fig. 12, areah§504lAltﬂguéhﬁzﬁe'Saﬁgfe de Cristo is predominantly

a "red bed" unit, all the known deposits in this area are in gray, green,’
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dark gray, or yellowwbz}@m beds. AT least 7 sones are presenty they are

, trom one Lo 7 fest thick with an average of 2 feet, |

| Both copper gnd pranium are wore abundant in the moye carbonacelq’q,ahf
- sediments, Sooty end coaly carbonized plant remains are comcnly"pp‘e&énﬁa
and sither type may be mdi@active; Recognizable twig# and ste@s occasion-
aily are replaced by chalcocite and minor amounts of covellite, bornitg,
pyrite, and, in one instance, uraninite, Metatyuyammnite occurs at 3
localities (fig. 11, localities 2, 4, and 5) as a powdery coaiing‘or.dié-.
sedminated grains in medium-grained, arkosic sandstone and in a carbonigzed
log in locality 3, Minute grains of chalcopyrite, and two uni@entified
metellic minerals occur in highly radicactive, pink, arkosi;: sandstone at
locality 7.

The work to date has been divided into 6 phases: detailed
mapping, trench maspping, trenching, drilling, soil and gecbotanical
saupling, A1l mapping is on a scale of 1 inch to 200 £ except for 2
small arees mepped at 1 inch to 50 £, The outline of the mapped areas,
totaling 1;5 square miles, is shown on figures 11 and 12, |

The mapping clearly shows the discontinuous nature of the
mineralized zones and the lenticular shape of t%gé@edimentary ﬁnits»

. The copper and uwranium depogits are usually more'restricted than Ehe
enclosing rock type, particularly in the coarser-grained sediment.;s. In
send-sized sediments, the values are spotty and the deposits are small,

The west mineralized zone in northern part of fig. 11 iéﬂfairly
continuous and is not subject to sudden lithologic changes. (See fig. 13).
The grade of the mineralized material varies from place to place ﬁﬁf the

zone is mineralized to some extent throughout its traceable length. The
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radiosctivity i® several times a5 great as that of any othér material yet
discovered in quaentiiles grsaler then a few hundred tons. The ﬁineralized
material is a ysllow-brown or green-brown, micaceous siltstone that usﬁally
contains several thin carbonaceous shale seams in the more radioactive parts.
It is overlain by & series of thin-bedded sandsiones with one or more fos-
siliferous limestone beds. The siltstone pinches out to‘the south, being
replaced by a browndgn locally radloactlve sandstons. These relationships
| can be interpreted as indicstilons that the radicactive siltétone pinches
out down dip, thus limiting the depth of the Wore® shoot,

A gimilar and possgibly the seme racioactive marine siltstone-
sandstone sequence south of Goyole Creek (fig, 11) is more variable in
grade and spotity in distribution but the best material is befter than
that north of Coyote Creek,

The best grade materizl yet discovered is in the "feather edge"
of thin arkosic sandstone at locality 2, fig. 11. (See fig. 1Lh). Meta-
tyuyermunite is visible in the trenches along a 120-foot section of the
zone, The grade decreases as the rid thickens northward., Pits to the
north and south are only slightly radicactive. o

Spotty, highly radiosciive material was discévered 500 feet
north of Coyote Creek at locality 7, fig. 11, The best material is a
thin, pink arkosic sandstone bed several hundred feet higher in the strati-
graphic sequsnce than any other mineralized zone, It is the only mineralized
area known to exist in the west limb of the Jarosa‘synclineo It is also
‘the only lecality hers at which chalcopyrite has been seen, No radiocactive |
spots have been found noxth of this locality, but a local "hot spot¥ was
found on the south bank of Coyote Creek and sevaral modera%ely radioactive'

épots have been discovered by *trenching between these two localities.
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To test the possibility that the uranium content might increase
below the leached outcrops, 49 holes totaling 973 feet were drilled with
2 jeep-mounted auger, The mechine can drill only vertical holes and can-
not cut through limestones or well-cemented sandstones. Therefore, many
holes were abandoned before Wors" was reached. The program, however, is
considered a qualified success.

Two holes in area F cubt a radioactive copper-béaring black,
carbonacecus shale exposed in an old pit at locality 6, fige. 11. Two
other holes are on either side of a large, deep pit with many chalcocite .
nodules, and carbonaceous shale on »the dump., These are the only holes |
that showed visible copper in the cuttingsa

In the geochemical prospecting phaée of the program, 457 plant ‘
samples and 351 soil samples were collected, Copper; lead, and zinc
values have been received on 300 plant samples and 130 soil samples.

Lead ﬁn not be determined in any of the remaining 231 soil samples
since the i‘ifst results indicate that the lead content is negligible.
No uranium analyses have yet been made. The higher geochemical anomalies
will be trenched., The results of preliminary study of the metal content
are as follows:

. Table 1 .--Copper, lead, and zinc values

for. high geobotanical samples, Guadalupita, New Mexico
’ Mineral content, ppm

Area No. sarples Maximum Average

‘ Cu~ zZn  Po Gu Zn
A 25 No data
B Lk 300 1600 140 13 969
c 2l ‘ No data
D 70 1500 1600 150 165 721
E L8 200 1000 100 101 430
F 11l 280 1600 100 139 572
G 82 280 1600 100 11, 501
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A j
For all areas except “'B%'ﬁhieh_ has a ratio of 7.2, the Zn/Cu
ratio for the different areas ranges between 4.1 and L8, Area B also
has a high lead content,
Table 2.--Copper, lead, and zinc content of high soil samples

Area Number Number of samples
S {ppm) Maximum Average
100Cu 100Zn 20Pb Cu Zn Gu Zn

Dx L6 11 3 2 S 700w 100 <7L Sh
E 82 7 10 1 250 100 <33 60

¥ Locality 5, 'figo 11, traverse ¥B® at right angles to strike,-
#¢t This sample and another probably contaminated from dump.
Geobotanical samples were collected from 3 varieties of juniper,
ponderosa pine, pinon, and scrib oak., The species distribution of 96
samples containing at least 200 ppm Cu. or 1000 ppm Zn, or 100 ppm Fb
is as follows:

Table 3.--Species distribution of high gecbotanical samples

Metal Number of samples distributed by species

Pinon Ponderosi Juniper Scrub oak

Cu : 25 3 0 1
Zn : 32 35. 3 0
Pb L 7 L 3
Cu-Zn 7 2 0 0
Cu-Fb 0 0 4] 1
Zn-FPb 2 3 1 0
Cu-Pb-Zn 2 1 0 0

It is spparent that the pines preferentially absorb zinc from
the soil because the content of the pla_nt ash is much higher than in the
soil.  The copper content is more nearly constant. The high Zn/Cu ratio

in area "B" may reflect the fact that most geobotanical samples were
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Ponderosa rather than reflecting a high zinc content of the "ore".‘ How-
ever, ¥red bed" copper deposits elsewhere in New Mexico contain several
percent zinc, |

Field work will be recéssed.December 15, 1953, : The only .explération
planned for the new field season is a limited amount of trenching on promising
anomalies resulting from the soil or geobotanical sampling programs. .

Field~check of the maps and study of qluestions raised by the
winter's laboratory investigations are planned for early spring and it
is expected that all work will be completed before the end of the fiscal

year,
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URANIUM IN LIMESTONE
Miller Hill area, Carbon cou:rbzz Wyoming
by J. D. Vine and G. E. Prichar

Geologic studies of the Miller Hill area consisted of geologic

mapping of about 150 square miles in Ts., 16 and 17 N., Rs. 87 and 88 W,
(fig. 15) and detailed radiocactivity studies of a uranophane-bearing lime-
.stone bed over an area of about 320 acres (see fig., 15). Test pits were
dug at eight localities for detailed sampling,

The Browns Park (?% formation, which in the Miller Hill area
is at least 800 feet thick, contains higher than normal radioactivity
erratiéally distributed over a wide area. Unusually high radioactivity
most cdmmoniy occurs where the limestone is fractured and brecciated and -
is associai;,ed with secondary silica in the form of chalcedony and opal.
' No above normal radioactivity was found in any of the underlying formations,

"rhe most favorable host rocks for uranium are limestone and
calcafeous sandstone beds 5 to 15 feet thick 200 to L50 feet above the
‘base of the Browns Park (2) formation, ."About 50 radioactive localities
throughout the area have been studied (see fig. 15) and 200 samples,
.inclu’ding about SO water sgmples » were submitted for analysis, Some of
these localities were detected by airbc;rne radioactivity surveys made by
the Geological Survey and by AEC.

o Urancphane, Ca(U0,),S1,07.6H,0, has been temtatively identified

as the principal uranium mineral.

Eight test pits were dug from L to 8 feet into the limestone
in cooperation with the AEC. Analyses of select grab samples collected -
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from the top few inches of limestone at several of the pits are shown

below:
Pit No, ey ) .
(fig,16) Field No. Lab., No. (percent) (percent) Description

2 VW3-72 D-97k23 0.39 0.39 Chalcedonic limestone

with uranophane

b 68 D-97h21 0.17 0.12 f "

5 71 D-97422 0.23 0,18 " "

7 65 D-97418 0.32 0.2k n "

8 66 D-97k419 0.25 0,22 n n

8 L3 D-94719 0.36 0.Lo " "

Geiger counter readings indicate that only about the upper foot
of limestone in each pit is significantly radioactive.

The uranium is thoughtto be of volcanic origin and was once
disseminated throughout the tuffaceous sandstones of the Browns Park (?)
formation, Subsequent groundwater migration redistributed the uranium
| along with free silica and concentrated them at or near the top of -

relatively impermeable limestone and lime cemented sandstone units.
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R.87 W.

Rocks ol/der than limestane bed

Racks younger than limestone bed
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EXPLANATION

Isoradiosctivity contours
Multiples above Scintillation detector

Isoradioactivity contours are drawn on a 15 foot thick limestone
bed about 275 feet above the basal Browns Park conglomerate. Radia-
tion values are expressed in multiples above normal background, which
was determined to be 0,006 MR/HR on ths Cloverly sandstone as recorded
by a sointillation detector, model SM-3A, set for a 10 second integra-
ted reading, Comtours were drawn from dats obtained with this same
instrument using the average reading observed at recording stations
located about 100 feet apart throughout the area, Wherever local con-
centrations of high radicactivity were observed the maximum obtainable
readings were recorded and plotted on the map as "hot spots”,

Base map compiled from plans table map and pace traverses,

Radiation values axpreased as multiples above background and
corresponding scintillation detector readings:

“"Hot spots"
Multiples above Scintillation detector

background readings (MR/HR background readinge (MR/HR)
2 lx 0,012 - 0,024 8 32 - 6 0.192 - 0,384
L - 8x 0,024 - 0,048 o 6l - 128X 0,384 - 0,768
=3 8 -16x 0.0L8 - 0,096 o 128 - 256X 0,768 - 1,536
16 - 32x 0,096 - 0,192 * 256 . 512X 1,536 - 3.072

kﬂ—" Radioactive locality

FIGURE 16.--ISORADIOACTIVITY CONTOURS ON A LIMESTONE BED IN THE BROWNS PARK

FORMATION MILLER HILL AREA, CARBON COUNTY, WYOMING
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- 'URANIUM IN VEINS; IGNEOUS ROCKS, AND REIATED DEPOSITS -

General geologic studies

Zonal relations of uranium deposits in metalliferous districts
by S. R. Wallace and R, H. Campbell

In the spring of 1953 a radioactivity reconnaissance of the
Gold Hill district, Boulder County, Colo,, was made in an effort to
establish the position of uranium occurrence in the sulfide-telluride
zonal pattern first reported by B. F. Leonard (TEI-330). A preferred
position of the uranium within the zoning sequence has not yet been
established but five localities showing visible uranium mineralization
and a number of radioéctivity anomalies were discovered. Analyses show
that all five localities that contain uranium minerals and five of the °
radioactivity anomalies that show no visible uranium minerals contain 0.1
percent U or better.

The field program was recessed on July 1 and the activities of
the project were curtailed accordingly. About five weeks were spent with
field parties in the Idaho Springs and Central City districts gathering |
data‘for comparison of these areas with the Gold Hill district. Additional
work done includes:

(1) Additional sampling in the North Gilpin County, Colo.,
district to check the zonal distribution of metals.

(2) Exemination and some underground mapping of the Goldsmith
Maid prospect in the Gold Hill district.

(3) Compilation of data on districts in the Front Range
mineral belt suggesting that the Jamestown district
and the Montezuma-Breckenridge area exhibit zonal
patterns in which uranium occupies a preferred position.

4
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A report presenting the results of the zoning studies to date
is about 20 percent complete, and will probably be submitted before the
end of fiscal year 195l h

Frequency distribution of uranium with relation
to enclosing rock type
by J. We Adams and F, Stugard, Jr.

The investigation of the possible control of uranium deposition
by wall rocks was continued during the reporting period by field and
laboratory studies., Field work was done in the Golden Gate Canyon area
(TEM-15L, revised for USGS Circular 320) near Denver, where a definite
correlation was found between the occurrence of uranium and the type of
wall rock involved. As shown on the accompanying map (fig. 17); the
uranium occurrences and significant radioactivity anomalies are almost
exclusively confined to narrow hornblende gneiss layers in a metamorphic
complex that locally is predominantly quartz-biotite gneiss. Northerly-
trending faults appear to have been the channelways for the uranium-
bearing solutions,

Although the work to date has confirmed the lithologic corre-
lation of the radioactive deposits with one rock type, it is not known
as yet why the hornblende gneiss is the preferred host rock for the
uranium minerals. An attempt to answer this question is being made by
1) mineralogical and chemical studies of the "favorable® and “unfavor-
able" rocks of the area, and 2) by studies of the paragenesis of the

minerals in the ore assemblage.
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Relationship of uranium to post-Cretaceous vulcanism
by R. R. Coats

Field work during this period consisted of field examination
and sampling of about 140 bodies of volcanic rock, mostly of glassy or
pé.rtiy glassy texture, and nearly all of rhyolitic or dacitic composition,
where the composition was previously determined. Areas sampled are widely
distributed over Utsh, Nevada, southern Idaho, Wyoming, Montané,' Washington,
Oregon, California, Arizona, and Colorado., Some radiocactivity examination
of the rocks was done in the fisld with a scintillation counter.

Uranium analyses, and spectrographic determinations for manganese,
tin, niobium, lanthanum, beryllium, boron, lead, and zirconium have been
received for the samples collected in 1952, and spectrographic determina-
tions of tin, niobium, lanthanum, boron, beryllium, lead, and zirconium
for about half the samples collected in 1953. The pattern of distribution
of uranium is now based only on samples collected in Utah, Nevadd, Oregon,
Washington, and California, In these areas it resembles, in a general
way, the pattern, based on more samples, for tin, niobium, lanthanum,
beryllium, boron, and lead. The uranium pattern suggests a maximum in
western Utah and eastern Nevada, diminishing gradually toward western
Nevada and southern California south of the Garlock fault, and perhaps
with a secondary minor maximum in the California Coast Ranges. The minima
apparently are concentrated in the Sierra-Cascade province, The amounts
involved are all small, falling generéll_lgy in the range of ten-thousandths
of a percent, and only occasionally in the thousandths of a percent.
Although the patterns of distribution of the other elements (tin, niobium,
lanthanum, beryllium, boron, and lead) are similar in a general way to the

pattern for uranium, the results from the additional samples taken during



99

1953 and analyzed this fall suggest that the maximum for many of ﬁhese
elements may be farther north, in the general region of southern Idaho,
northwestern Utah, and northeastern Nevada, The meaning of these patterns
is not yet clear; it is tempting to correlate the low valuss for uranium
in the Sierra-Cascade province with the scarcity, amounting almost to a
complete absence, of wranium depoéits in this province, It may, however,
be merely a reflection of the lower concentration appropriate to an earlier
stage in the differentiation series, leading through dacite to.rhyoliteo
The general resemblance of the pattern for uranium to that for other
elements, which, like uranium, are known to be concentrated in pegmatitic
rest-magmas suggests that the same physico-chemical laws have been respon-
sible for the concentration of all these elements, As none of the other
elements, with the possible exception of lead; characterizes vein deposits
of uranium, any similarities in the distribution of vein deposits of uranium.
and silicic volcanic rocks rich in uranium and these other elements might
be explained in several ways. One possible mechanism would be the selective
leaching of uranium from the uranium-rich rock by'hydrpthermal solutions;
another mechanism, somewhat speculative, would involve a partitioning of
the uwranium between the rhyolitic magma, or one ancestral thereto, and a
partial magma ancestral to the vein deposits of uranium.

It is expected that, with the receipt of analytical and spectro-
graphic data on the rest of the samples collected during 1953, it will be
possible to delineate provincial boundaries, based on the relative amounts
of the various trace elements enumerated above. Additional field work in
New Mexico and parts of Colorado and Arizona are plammed for the spring

of 195)40
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District studies

Colorado Froon¥ Range
(Georgetown - Central City area, Colo.)
by P. K. Sims and others

Introduction

Geéologic mapping has been done by four field parties in adjacent
areas: Central City district, Dumont-Fall River region, the area extending
from Ideho Springs westward to Fall River (Idaho Springs district), and
the area east and south of Freeland, Systeﬁatic reconnaissance for radio-
activity was made in parts of the Central City district. To date about
28 square miles of surface mapping (fig. 13) has been done on scales of
1:6,000 to 1:12,000, and about 85,000 linear feet of underground mapping
on scales of 1:120, 1:240, 1:480, 1:600, and 1:1,200 has been completed.

The AEC financed exploration at the Cherokee mine in Pleasant
Valley and at the Springdale (Gold Rock) mine, both in the Central City
district. The DMEA financed expioration programs at the East Calhoun
and German mines, The Cherokee, East Calhoun, and Springdale mines
stockpiled small quantities of uranium ore, but there have been no re-
cent shipments from the region. |

The principal uranium discoveries during the period are in
the Eureka Gulch-Nigger Hill area of the Central City district, where
pitchblende and secondary uranium minerals are known at eight localities..
Occurrences of secondary uranium minerals at the Two Sisters and R. H. D,
mines are in part of ore grade. A report on this area is in preparation.

General geology of area

The ore deposits occupy veins that cut pre.Cambrian metamorphic

and igneous rocks and, at places, Tertiary porphyries. The pre-Canbrian
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rocks consist largely of metamorphosed sedimentary rocks of the Idaho
Springs formation and granitic rocks., Mafic roc.ks s in part of intru-
sive origin, are widespread but not abundant in the region.

The pre-Cambrian rocks were folded by two periods of defor.
mation, The earliest, and dominant, fold system trends about N. 30° o
and is characterized by broad open folding in the northwestern part of
the map area (Dumont-Fall River and Central City regions). Southeast
of the mouth of the Fall River, however, the rocks are for the most
part tightly folded and the folds are overturned to the southeast.,
Superimposed on the tight folds in this region is a younger fold
system, the fold axes of which plunge about N. 55° E. The second fold
system is strongly monoclinal; it is charact;rized by shear type foids
and apparently is related to zones of strong cataclasis, The wave-
length and amplitude of folds of the younger system appear to increase
toward the southeast, The first major axis of the second fold system
passes thréugh the town of Idaho Springs. _\

The Tertiary porphyries (principally monzonite and bostonite)
(see TEI-2L7) form dikes, plugs, and small stocks.

The veins throughout the Georgetown-Central City region belong
to two general mineralogic types: pyritic gold and sphalerite-.galena;
At places the two types overlap to fbrm do#posite veins, Uranium, where
present, is generally in the transition zone .between the two types of
veins, The vein pattern is complex and varies in some respects from
place to place mifhin the region,

Central City district, by P. K, Sims and A. A. Drake

Geologic mapping was done in the area north of Quartz Hill

and west of Central City, and in the Gilson Gulch area northward to
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Russell Gulch, Systematic reconnaissance for radioactivity was made
in the northwestern part of the district.

The uranium occurrences in the Central City district are
principally hard, lustrous pitchblende, except in the north slope of
Nigger Hill northwest of Central City, where secondary uranium miperals -
meta-torbernite, meta-zeunerite, and sparse kasolite - are present.

The principal occurrences are in the Quartz Hill-Russell Gulch area,
the Eureka Gulch-Nigger Hill area, and an area near Jystice Hill,
Ohly the Quartz Hill area has yielded commercial uranium ore.

The uranium minerals occur on two and possibly three vein
sets: (1) northeasterly-trending veins, as the Calhauny (2) easterly-
trending veins, as the Wood and Leavenworth; and (3) northwesterly-trending
veins, as the Buckley.

Within the district pitchblende occurs both along the main
veins and in subsidiary bran;hing fractures which are possibly tension
openings, The pitchblende was deposited with the earliest metallic
minerals and subsequently was brecciated by movements along the veins,
The meta-torbernite (?) in the Nigger Hill area occurs principally in
the altered wall rocks adjacent to the vein, and to a lesser extent
along the quartz veins., Some meta-torbernite (?) of ore grade has re-
placed altered mica-quartz-feldspar schists; this occurrence, so far as
is known, is unique in the United States. |

It is tentatively concluded that the uranium‘ih the Central
City district was derived from "local" bostorite«magmas, whereas the
other metals were derived from a deep, differentiating monzonite magma.

The uranium was deposited in open fracturesﬁ%élatively near the éource,
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generally as small, high-grade bodies, The lithology of the wall rocks
seems to have had little if any effect on the deposition of uranium, |

contrary to the situation in most Canadian vein pitchblende deposits.

Idaho Springs district, by R. H. Moench

Detailed geologic mapping of 2.5 square miles was completed
between Virginia Canyon, Idaho Springs, Bellevue Mountain, and the
mouth of the Fall River; only a small part of this area, however, was
examined systematically for radiocactivity.

The pre-Cambrian rocks in this area are in tight folds over-
turned to the southeast; folds belonging to the younger period of pre-
Cambrian deformation are superimposed on the early tight folds, In
the northern part of the area, however, in the vicinity of Bellevue
Mountain, the folds are relatively open, much like those in the Central
City region.

Tﬁo typeé of vein structures are present. In the area of open
folding where the dips in the pre-Canmbrian rocks are gentle, the veins
trend northwesterly or westerly and dip 35° to L45° northward; but in the
area of tight folding and steep dips, the veins trend northeasterly and
dip steeply. Southeast of the first major fold axis of the younger,

N. 55° E. fold system (in the town of Idaho Springs) the veins are
sparse, weak, and erratic in trend. A

The structure of the steeply dipping veins apparently is con-
trolled primarily by the foliation, and at places the axial planes of
folds, in the pre-Cambrian rocks, In the central part of the area, how=
ever, the strongest veins cut the foliation at a low angle. The tentative

vein relations in order of decreasing age, decreasing number of, veins, and
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increasing strength of veins is: N, 60° E, (in foliation), N. L0° E.,
and N, 20° E. Another set of veins occurs within and parallel to a
prominent northwest-trending fault that cuts through the Idaho Springs
district and extends into the Dumont-Fall River area.

The mineralogy of the veins in most of the district is pre-
dominantly pyrite and quartz. Tetrahedrite (or tennantite) is commonly
present. In the central and upper parts of Virginia Canyon and south
of Clear Creek, however, many of the veins are composite in character.

A reconnaissance in the northeast-trending zone of quartz.
pyrite veins between the mouth of the Fall River and the Stanley mines
disclosed four radioactive occurrences: Stanley mines, Laurence L claim,
P. J. claim (?), and an unidentified mine 220 feet south of the P, J,
claim. These occurrences cannot be evaluated at present; however,
samples from the radioactive part of the Stanley vein contain as much

as 0.3 percent eU,. .

Area south and east of Freeland, by J. E. Harrison and J., D. Wells

Surface mapping was extended south and east from the Freeland-
Lamartine district (TEI-295) toward Chicago Creek. The veins in the
mapped area appear to occur along the axial planes of folds in tightly
folded areas and the foliation or contacts between lithologic rock units
along the flanks of open folds. A group of flat veins that dip L5° or
less to the northwest was mapped in the area between Trail Creek and
Clear Creek., These veins carry mostly gold and copper, and appear to be
comnecting veins between steeper vein systems in tightly folded areas
around Freeland to the southwest and the Stanley mines to the northeast.

Uranium minerals, primarily sooty pitchblende, torbernite, and autunite,
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are not confined to either vein system, but from the known data appear

to occur in greater quantity in the steep vein system.

Dumont -Fall River region, by F. B. Moore and C. C. Hawley

In the Dumont-Fall River region about 8 1/2 square miles of
surface have been mapped in detail and 31,000 feet of underground workings
in 35 mines and adits have been mapped and examined for radiocactivity.
Eleven mines in the region, all of which contain veins of the composite

type are known to show abnormal radiocactivity.

Wall rock alteration investigation, by E. W. Tooker

The current investigation of wall rock alteration is designed
to complement studies of the petrology, structure, and vein mineralogy
of various districts of the Colorado Front Range with particular refer-
ence to (1) pitchblende mineralization and other mineral zonations;

(2) types of host rock in the area; (3) types of vein structures, and

(4) ore shoot locations and their use as a guide to ore. Field investi-
gations began August 19, 1953, with reconnaissance examinations, including
sampling that was done mostly in areas that had been completely mapped,
where spectrographic and chemical data were available, and where post-
mining alteration was at a minimum, The investigations to date substan-
tiate in general the conclusions of Lovering and Goddard (USGS Prof,

Paper 223, 1950), and the usually accepted pattern of alteration zones,

from a silicified zone through sericitic and argillic zones into fresh

‘rock, can be grossly seen along most veins. The thickness of zones

appears to be related to the size of the vein and ore shoots in all host
rock types. It is believed, however, that argillic alteration is mmch

more widespread and important, than was previously reported.
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The next six months will be devoted principally to map and
report compilation and to laboratory studies of the ores, country rocks,
and alteration products. Study of clay minerals will be included and is
expected to provide much information because of the sensitivity of these
minerals to environment. All mines exposing uranium.bearing veins will
be checked and mapped in detail.

Ralston Buttes district, Colorado
by D. M. Sheridan and C. H, Maxwell

Pitchblende has been found at eight localities in the Ralston
Buttes quadrangle, Jefferson County, Colo. (Adams, Gude, and Beroni,
TEM-154), where it occurs with base-metal sulfides in shear zones that
cut pre-Cambrian and igneous rocks, In addition, at least three occur-
rences of secondary uranium minerals are known in the quadrangle, and-
carnotite occurs at the old Leyden coal mine, less than l miles distant
(Gott, TEM-132),

The current program includes (1) mapping of the quadrangle on
a scale of 1:20,000 for publication at 1:24,000; (2) mapping of areas
of significant mineralization and complex geology on a scale of 1:6,000; (3)
large-scale mapping of pitchblende deposits; (U) systematic search for
additional deposits of uranium; and (5) fundamental studies of the
petrology and mineralogy of the country rocks and ores.

Geologic reconnaissance indicates that three of the major
northwestward-trending faults shown by Lovering and Goddard (USGS Prof,
Paper 223) in the area to the northwest continue southeast across the
Ralston Buttes quadrangle. In order from north to south these faults

are the Rogers 7dike," the Hurricane Hill *dike," and the Junction Ranch
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ngiken (fig. 1§), The common topographic expression of the faults in
the quadrangle is negative relief, in contrast to the dike.like outcrop
pattern to the northwest. The pitchblende occurrences in the Ralston
Creek area (TEM-154) are along shear zones associated with the major
Rogers fault; those in the Golden Gate Canyon area (TEM-15L) are along
shears associated with the southeastern extension of the Hurricane Hill
fault (fig. 19 ). No pitchblende has as yet been reported from the
vicinity of the Junction Ranch fault in the Ralston Buttes quadrangle.

The Guy Gulch area (fig. 1¢) in the southwestern part of the
quadrangle was chosen for the initial mapping because the Junction Ranch
fault crosses it and because the exposures permit a preliminary establish-
ment of mapping units. About 8 square miles were mapped. The pre-
Cambrian rocks have been subdivided into five preliminary units based
largely on mineralogy, and several dark dike-like rocks of undetermined
age and a syenité (?) dike of probable Tertiary age have also been mapped,
The apparent horizontal offset of the major pre-Cambrian units along the
Junction Ranch fault is about lL,000 feet, the north side being moved
northwest relative to the south side. North of the fault a major overa
turned anticline is strongly suggested by the dips and the repetition
of the units, Ppreliminary work suggests that the axial plane of the
anticline dips north and the fold plunges west., However, the north limb
of this structure on the south side of the fault is exceedingly c'onplex
and further work wiFF*be necessary to distinguish between large drag
folds and major cross-warps.

In the Guy Gulch area approximately 11,000 feet of the Junction
Ranch and aSSocia'bea faults were traversed with a scintillation detector,

and samples from 10 prospect pits were examined with a geiger counter.
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Although numerous abnormally radioactive areas were found, no signifi-
camt anomalies (more than 0,05 MR/hr) were observed. Several areas
along the Junction Ranch fault gave readings of 2 to 3 times background,
probably because of the presence of large pegmatite dikes, but no signif-
icant deposits were found, However, as some of the known uraniferous
areas in Golden Gate Canyon and along Ralston Creek gave similar readings,
it cannot be stated at this time that the Junction Ranch fault system
is barren of pitchblende deposits.

Recommaissance of about 2 square miles in the vicinity of the
Ralston Creek area indicates that the geology there is exceedingly complex.
The area of the Schwartz mine, where 10 days were spent in connection with
a DMEA exploration program, is especially difficult to interpret because

much of the critical area is under heavy overburden.

San Juan Mountains, Colorado

Reconnaissance, by C. T, Pierson

Reconnaissance for radiocactive minerals in the San Juan Moun-
tains, Colo. was completed; the work was done in the western part of the
mountains in 1951-52 and in the eastern and central parts in 1953

During the 1953 field season search for radioactive minerals
was made in 18 mining districts, including detailed coverage in the
Summitville and Bonanza districts and spot checks in the Creede, Lake
City, Carson Camp, Burrows Park, Whitecross, Bureks, Animas Forks, Spar
City, Platoro, Axell, Jasper, Stunner, Embargo, Summer Coon, Beidell,
and Sky City districts. Anomalous radiocactivity was found in the Creede,
Carson Camp, Burrows Park, and Bonanza districts, but a pitchblende ‘(?)
occurrence in the Bonanza district is the only one with possible c;hnercnl

significa.nce.
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The Upper Uncompahgre, Silverton, Rico, and La Plata districts
in the western San Juan Mountains were examined briefly in cooperation
with T, Loomis of the AEC. No anomalous radioactivity was found in the
Silverton district, but strongly radioactive samples from the Upper
Uncompahgre and La Plata districts, and a weakly radioactive specimen
from the Rico district were taken for laboratory studies.

A report on the results of the work in 1951 (TEI«310) was
issued as USGS Circular 236, and a report on the 1952 program is in
preparation. A report on the 1953 work as well as a general.paper inte-
grating the results of the 1951-1953 field and laboratory studies is

scheduled to be completed by June 30, 195k.

Western San Juan Mountaind Colorado, by A. L. Bush

A preliminary resource study of the uranium-vanadium deposits
of the Entrada sandstone in the western San Juan Mountains was completed
during the 1952 field season; the results of this work were reported in
TEM-298.

In Juns 1953, areal geologic mapping (scale 1:15,840) was
begﬁn, and detailed mine mapping (scale 1:480 and 1:600) was resumed
to delineate the structural and stratigraphic setting of the uranium- .
vanadium deposits. Work to date has been largely in the C6€;ntry L SE
(7% minute) quadrangle, with lesser amounts in the Dolores Peaks NE and
Gray Head (7% minute) quadrangles.

The sedimentary rocks range in age from the Permian Cutler
formation through the Cretaceous Mancos shale. They are cut by numerous,
closeky spaced normal faults, with vertical diSplacements‘phat range from

a few inches to 300 feet or more. These faulls appear to form a conjugate
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system (one set trends N, to N.30° W, the other N.60° W.to W), super-
imposed on a series of broad, gentle, northwest-trending anticlines and
synclines. The uranium-vanadium deposits are offset by both sets of -
faults., The faulting is related to the domal uplift of the San Juan
volcanic pile and, more particularly, to the intrusion of stocks of
diorite and diorite-monzonite. Sills of coarse porphyritic diorite have
been intruded into the Cretaceous Dakota sandstone and Mancos shale,

The next 6-month period will be spent largely in map compila-
tion, preparation of ggologic sections, and petrographic and petrologic
work on barren and mineralized Entrada sandstone and on the intrusive
igneous rocks., Areal geologic mapping will be resumed in May 195k,

Boulder Batholith, Montana
by G. E. Becraft

Geologic mapping of the Jefferson City quadrangle, Mont., was
completed during the reporting period; approximately 65 square miles
was mapped, principally at a scale of 1:12,000, as part of the Survey's
Trace Elements investigations of the Boulder batholith area of western
Montana,

In the northwestern part of the quadrangle adjacent to the
Clancy Creek area (TEI-257) and including the Rimini mining district,
many radioactiv;lty anomalies were detected. Most were very weak and with
the exception of a few in the Rimini mining district were associated wi’oh
chalcedonic vein zones. A secondary mineral, identified as metatorbernite,
was ldentified at two of j;he locations--the Argonne gold mine and along & .
chalcedonic vein zone in SE} sec. 34, T+ 9 Noy Re 5 We .In the Rimini

PO e U
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district weak radioactivity was detected on dumps along three base-metal-
bearing structures., Although the urahium content is believed to be too
low for production, several samples have been submitted for eU and U
analﬁsese

In the southwestern part of the quadrangle adjacent to the
Comet area (TEI-282), moderate radioactivity was detected on the dump
of a caved shaft in sec, 4, T. 6 N., R. L W, Metatorbernite was found
associated with limonitic material, Thisvdump appears to be on a split
of the Comet-Gray Eagle shear zone tﬁ the west,

All the mines and mine dumps in the Corbin-Wickes area near
the center of thé Jefferson City quadrangle were examined and no anomalous
radioactivity was detected. Considerable lead, silver, zinc, and gold
has been produced in this district from several mines along major shear
zones similar to the Comet-Gray Eagle zone. With the exception of uranium
in the Comet and Gray Eagle mines, the ore mineralogy appears to be the
same; however, the Corbin-Wickes area is in a roof pendant of Cretaceous
volcanics into which the Boulder batholith was inhrudedf It therefore
is apparent that the roof pendant was an unfavorable host for uranium
deposition, Additional mapping and radioactivity reconnaissance must
be done to determine whether this is true only for the volcanics in the
roof pendant or is also true elsewhere._

. Uranium was found at the White Pine mine on the middle fork
of Warm Springs Creek about 7 miles east of the eastern boundary of the
‘Jefferson City quadrangle. This diséovery extends the known uranium
deposits several miles to the east. Selected samples are estimated to
confain 0.5 percent eU, The uranium is apparently associated with base

metals,
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o During the airborne magnetometer survey of the batholith,
anomalous radioactivity was detected on two scintillation-type counters
'in SE} sec. 29, To 8 Noy R, 7 Wo This anomaly was not located in sub-
sequent aerial reconnaissance in a light aircraft. Additional work is
.planned also for this area.

During the next six-months period, laboratory studies will

be made on material collected and a bulletin on the Jefferson City
quadrangle will be prepared. | ‘

Mineralogy and geochemistry
by George Phair

During July time was largely devoted to mineralogical studies
of the pitchblende-coffinite ore from the Copper King Mine. As part of
these studies s about a dozen photomicrographs of polishéd and thin sections
have been.made. It proved impossible to handpick a sample of the new tetra-
, gonal uranium mineral, | coffinite, in purity adequate for chemical anaiyses.
| Aboﬁt- oné month of laboratory work remains before the results can be re-
porteds

Dﬁring late August the project was moved to Denver. As a result
‘of-the move research and report writing was curtailed in the interests of
plenning, purchasing, and setting up necessary laboratory equipment. Much
time was Spent in devising a suitable method for filing and making avail-
able data on “Uranimn in Igneous Rocks and Veins" - data which for the most
part will come from geologists outside the project.

A paper, "Notes on the differential leaching of uranium, radium
and lead from pitchblende in stoh solutions® by Phair and Levine was

' published in the August 1953 issue of "Economic Geology."
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/,‘
Once the facilities are in operation present plans call for a

detailed investigation of the problems involved in sampling igneous rocks
for uranium and radioactivity determinations in order to find out: |

1. What are the precision agd accuracy of the uranium and radio-
activity measurements as applied to igneous rocks?

2. How well does the split taken into solution by the chemist
represent the sample pulp? |

3. How well does the sample pulp represent the outcrop?

L. How well does the outcrop represent the rock body?

The answers will necessarily be incomplete, but should make
plain the major sampling pitfalls. As such they should be of interest
not oniy to those immediately concerned with radioactivity studies, but

also to those engaged in other studies of igneous rocks.
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URANIUM IN CARBONACEOUS ROCKS

Reconnalssance

Coal in eastern states
"by E. D. Patterson

A reconnaissance study of the radioactivity of coals in westemn
Kentucky, northern West Virginia, and western Pennsylvania was made during
the period, In western Kentucky a total of 59 samples from coal beds num-
ber 6, 7, 9, 11 and 13 was taken, None of the samples showed significant
radioactivity; but canneloid shales overlying beds 9 and 11 showed as much
as 0,005 to 0,009 percent eU. These shales cannot be considered promising
sources of uranium under present conditions., No further work is planned
in western Kentucky.

A total of 360 samples was collected from 86 mines in the counties
of Mercer, Lawrence, Butler, Clarion, Allegheny, Westmoreland, Indiana,
Cambria, Somerset, Jefferson, and Clearfield, western Pennsylvania. The
beds sampled were the Brookville, Lower Clarion, Upper Clarion, Lower
Kittanning, Middle Kittanning, Upper Kittanning, Lower Freeport, and Upper
Freeport of the Allegheny series; the Bakerstown of the Conemaugh series;
and the Pittsburgh and Redstone of the Monongahela series. None of the
coals showed more than 0,002 percent €. A thin layer of bone overlying
the Upper Freeport bed in Clearfield County showed as much as 0.0L0 per-
cent eU, but the coal above the bone layer showed no unusual radioactivity,
nor did any of the other coals above, below, or on,.either side of the

locality for a distance of two miles,
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A total of 87 samples of coal and shale from 12 strip mines and
four road cuts in north-central West Virginia was collected.from the Pitts-
burgh and Redstone beds. None of the samples showed significant radio-
activity,

A nunber of thin ocuteropping coals of the Dunkard formation of
Permian age in northwestern West Virginia were checked with a scintillation
detector, but no unusual radiocactivity was found.

During the remainder of the fiscal year sampling and study of
coals in Pennsylvania, West Virginia, Indiana, and Illinois will be con-

tinued.
Coal and lignite in western states

Utah-New Mexico, by H. D. Zeller

Utah,-~Field work was conducted in three major areas in southern
Utah: the Kaiparowits Plateau, the Henry Mountains, and Kolob Terrace.

A total of 85 samples (57 coal, 9 carbonaceous shale, 12 volcanic rock,
3 sandstone, and | water) was taken,

A few 1 to 2-foot carbonaceous shale beds in the Dakota sand-
stone are estimated to contain 0.0l percent eU. These shale beds occur:
(1) on the eastern edge of the Caineville dome (sec. 3, T. 29 S., R 8 E.),
Wayne Co., Utahy (2) on the northwest flank of the East Kaibab monocline
(sec, 6, T, 39 S., R. 1 E.), Kane Co., Utahy and (3) near Collet Creek
along the northeast edge of the Kaiparowits Platé;u (sec. 35, T. 37 S.,

R. 4 E.), Garfield Co., Utah,
A 6-foot coal bed in the Webster mine in Right-Hand Canyon near

Cedar City, Iron Co., Utah, in the Straight Cliffs formation, was found to
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be slightly radioactive, The ash of coal from this and two other mines

at the same horizon is estimated to contain 0,01 percent eU. The ash
sample was taken from the waste dump of the Southern Utah Power Compé.ny's
plant near Cedar City. Approximately 100 tons of coal from the three m:i.nes,
averaging about 9 percent ash, are used a day,

A 2-foot bed of semi-anthracite next to an andesite intrusion
near New Harmony, Utah, is estimated to contain 0,005 percent eU,

Other localities of carbonaceous rocks which may contain as much
as 0,005 percent eU include: (1) a 3-foot coal bed in the Straight Cliffs
formation in Middle Warm Creek at the southern end of the Kaiparowits
Plateau; (2) an 8-inch coal in the Ferron sandstone near Factory Butte,
Wayne Co., Utshy and (3) a 3-inch coal in the Straight Cliffs formation
in Coal Canyon near Cedar City, Utah.

A volcanic flow rock near Antimony, Utah, on the west slope of
the Aquarius Plateau contains an e""itimated 0.005 percent eU. A rhyolitic
lava sheet at the top of the Brian Head formation just north of Cedar
Breaks National Monument appears to be radioactive; but contamination
from "fall out" at the time of the examination was considerable and no

satisfactory estimates of radioactivity could be made,

New Mexico.--A lenticular carbonaceous shale in the Mesaverde
formation near Chama, New Mexico, contains an estimated 0,00l percent eU.
It is under an old erosionesurface thought to have been covered by volcanic
debris, Other coals lower in the stratigraphic section in this area show

no radioactivity.
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Southwestern Colorado and New Mexico, by E. H. Baltz, Jr.

Carbonaceous sediments of the Colorado Plateau of southwestern
Colorado were examined during the 1953 field season., The areas examined
are shown on the accompanying index map (fig. 20).

The only significant radioactivity noted in carbonaceous rocks
is in bituminous shale, siltstone, and sandstone of the Paradox formation
at the Bald Eagle prospect, sec. 2k, T. Ll N., R. 17 W., San Miguel County,
Colorado. A sample of the black shale contains an estimated 0.2 percent
eU, Other outcrops of Paradox black shale in the adjacent area may con
tain 0,005 percent eU,

Traces of radioactive material were found in coal beds of the
Upper Cretaceous, Mesaverde group and the Fruitland formation on the
northern rim of the San Juan Basin in Archuleta, La Plata, and Montezuma
Counties, Colorado, and in the Barker dome area, San Juan County, New
Mexico. At none of the localities examined did there appear to be more
than an estimated 0,005 percent eU. Carbonaceous sediments and volcanic
rocks of the Upper Cretaceous-Paleocene Animas formation and the Paleocene-
Eocene Wasatch formation were examined in the northern San Juan Basin. The
only radioactivity found was an estimated 0.00L percent eU in an acidic
tuff near the base of the Wasatch formation in sec. 19, T. 3L N., R+ 10 We, o
La Plata County, Colorado.

Two small basaltic plugs in the canyon of Mancos River (sec. 2,
T. 35 N., R. 14 W., and sec. 15, T. 33 N., R. 15 W.) southwest of Mancos,
Montezuma County contain an estimated 0,005 percent eU. Examination of
the plugs did not disclose any mineralization of stoped material or wall

rock of Mancos shale and Mesaverde sediments.
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Slight traces of radioactive material were found in coal and
carbonaceous shale of the Dakota formation in the Mancos-Egnar area; in
the Norwood-Uravan area; and on the Uncompahgre uplift. At none of the
localities examined did the Dakota sediments appear to contain more than
an estimated 0.006 percent eU,

Tertiary volcanics of the San Juan tuff and underlying coal of
the Mesaverde formation were examined in the drainage of Cimarron Creek,
northwestern San Juan Mountains, but no radioactivity was detected.

No significant radioactivity was found at outcrops of the Dakota
formation and coal of the Mesaverde formation on the south and east sides
of the West Elk Mountains, Gunnison County, and in the vicinity of Paonia,
Gunnison and Delta Counties, and near Palisade, Mesa County.

The Dakota sandstone and Purgatoire formation on the Canadian
Escarpment in Harding and San Miguel Counties, northeastern New Mexico,
were examined, Traces of radioactivity were noted in carbonaceous shale
of both formations. A prospect of the Hunt Oil Company in sec. 30, '

T. 17 N., R. 24 E., San Miguel County, may contain as much as 0.2 ~.0.5
percent eU. Mineralization is in the middle sandstone member of the

Chinle formation of Triassic age which crops out continuously along the
Canadian Escarpment between Pecos River and Ute Creek in San Miguel and

Harding Counties.
Western lignites

Ekalaka Lignite Field, Carter.County, Montana, by J. R. Gill

During the 1953 field season approximately six weeks were

spent in geologic investigations in the Ekalaka lignite field, Carter Co.,
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Montana. An area of about 70 square miles was mapped on aerial photo-
graphs at a scale of 1:20,000. Radicactive carbonaceous shales and
lignites occur in the Ludlow formation (Paleocene) and have a possible
areal extent of about 20 square miles. Much of the lignite-bearing out-
crop of the Ludlow formation is obscured by slope wash and landslide
debris from the overlying Tongue River (Paleocene) and Arikaree (Miocene)
formation. This factor combined with the lenticular nature gf the lignife
makes evaluation of reserves difficult on the basis of present information.
On the weathered outcrop, radicactive lignite as much as 8 feet
thick contairs 33.8 percent ash and 0.0ll percent uranium in the ash.
Thicker beds of lignite have been found and contain comparable amounts of
uranium. Most of the lignite contains an abundance of analcite and other
zeolites in addition to barite, satinspar gypsum and calcium carbonate
travertine. There are no known exposures of fresh lignite in the area
and it is impossible to ascertain whether these recognizable impurities
are a surficlal feature of weathering or are present in the fresh lignite
behind the outcrop. As these impurities contribute to the high ash con-
tent they would adversely affect the use of the lignite as a potential
source of fuel from which uranium might be a significant by-product.
Radiocactive ironstone concretions interbedded in thin. to
massive-bedded coarse-grained sandstones are present in the Tongue River
formation in the Ekalaka Hills area., These sandstones are lithologically
similar to the massive, coarse-grained uranium-bearing sandstones of the
Wasatch formation in the Pumgkin,Buttas area of the Powder River Basin

(Circular 176).
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North Dakota, by G. W. Moore

In the HT Butte and Chalky Buttes area, Slope County, North
Dakota, uranium occurs in two lignite beds in the Sentinel Butte member
of the Fort Union formation of Paleocene age: the Slide Butte bed and
the Chalky Butte bed (see fig., 21). These two lignites underlie an area
of about 9 square miles. The lower bed, the Slide Butte, is the first
lignite below the Oligocene unconformity in the southern part of the area
but in the northern part of the area where a greater thickness of Paleo-
cene rocks has been preserved, the stratigraphically.higher chalky Buttes
bed is present. Where the Chalky Buttes bed is present the radioactivity
of the Slide Butte bed is greatly reduced. The relationship of the uranium-
bearing lignite beds to the overlying Oligocene rocks suggests that the
uranium has been introduced by downwardly moving ground-.water. Rocks of
the White River group are a recognized source of uranium in other areas
(TEI-238).

On Bullion Butte, in Billings and Golden Valley Counties, North
Dakota, uranium is also present in the highest lignite bed in the Sentinel
Butte member of the Fort Union formation which is also unconformably over-
lain by rocks of the White River group, About 1 1/2 square miles are
underlain by this bed which ranges in thickness from 0.6 to 12.0 feet.
The stratigraphically lower beds are also mineralized but contain smaller
quantities of uranium.

In the Sentinel Butte area, Golden Valley County, North Dakota,
a uraniferous lignite bed is in the Sentinel Butte member about 20 feet
below the Oligocene unconformity. This bed ranges in thickness from O to
7.0 feet and underlies about 1/2 square mile. Where the upper bed is

absent, stratigraphically lower beds are also mineralized.
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Four bulldozer cuts were made in the Bullion Butte area and
one cut in the Sentinel Butte area to expose radioactive lignite beds
where no natural exposures occur,

Black shale in eastern states
by J. F. Pepper

Review of literature was begun, to collect and study all avail-
able information on the distribution, thickness, and geologic setting of
each black shale in the East. Preliminary survey shows that there are
approximately 75 named black or paritly black shales east of the Missis-
sippi River besides a large number of unnamed black shales that are
referred to in geologic sections in some areas,

Investigation during the reporting period was largely concerned
with some of the Devonian black shales of New York State, particularly the
Dunkirk in western and west-central New York. Radioactivity measurements
were made at 28 localities. Results of previous field mapping and of the
radicactivity measurements of the Dunkirk were compiled. The Dunkirk shale
contains ,003 - 004 percent eU based on field readings. The radiocactivity
appears to decrease from west to east, perhaps related to an increase in
silt content of the shale. The report shows in a qualitative way the
relationship of the eU content to thickness of the shale, and compares
briefly the Dunkirk and its eU content to the Chattanooga shale, to which
it is approximately related in age.

Black shales in the Midcontinent
by D. H. Eargle
Analytical data on the radiocactivity of Midcontinent black shales

were assembled and synthesized from Trace Elements reports and unpublished
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records, Some of the well data were supplied by oil companies and the
AEC. Copies of cards showing analyses of Midcontinent black shales and
radioactive material were duplicated, Information on the presence of
radiolarians in cherts and siliceous shales and a bibliography on this
subject were assembled.

A descriptive log of a well in the Atoka formation in Franklin
County, Arkansas, was prepared, The shales in this well have abnormally
high radiocactivity as revealed by garmma-ray logs. Two subsurface samples
from the radiocactivé zone were submitted to the Trace Elements laboratory,

During the next 6 months the project will continue to assemble
and synthesize information on the radiocactivity and lithology of Mid-
continent black shales and concentrate on several of the formations or
groups of rocks in the Coastal ?lain that are known to be somewhat radio-
active, such as the Del Rio clay, Eagle Ford shale, and Tertiary shales.
Later, work will be begun on the Paleozoic rocks. Detailed stratigraphic
sections will be made to relate radioactivity to lithology and strati-
graphic position., Radioactivity of these formations will be measured by
instrument traverses on surface exposures and by study of the gamma-ray
logs from the subsurface.

The regional variations in the radioactivity of these formations
will be analyzed and an attempt to relate the radioactivity to the position
in the basing in which the sediments were deposited will be made.

Black shales in Montana, Idaho, and northefn Utah
by W. J. Mapel

Outcrops of black shaleé were checked for radiocactivity and
sampled in central and western Montana, northern Utah, and Idsho. Parti-

cular attention was given to formations that appeared from previous work
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to have possibilities of containing 0,005 percent or more uranium. Gamma-
ray logs of 110 wells in Montana have also been checked for radioactivity
anomalies; this study is continuing.

A bed of black shale at the base of the Madison limestone (early
Missisgippian) gives radiocactivity readings of twice background at several
places in southwestern Montana, The shale ranges in thickness from 1 to 5
feet where sampled. A black shale unit at about the same stratigraphic
position in the subsurface in the Williston Basin of North Dakota, Montana,
and Canada, which ranges in thickness from a few inches to more than 100
feet, locally registers anomalies more than five times background., Surface
and well data are being assgmbled to evaluate the potentialities of this
unit,

The Heath shale, which is known to contain 0,007 percent U near
Forestgrove, Montana, was rechecked and also sampled at several other
places in Montana. The uranium content of the shale, however, appears
low at most places visited.

No black shale formations in the region, other than those
described above, appear to be more than mildly radioactive.

During the reporting period 159 samples were taken from 90
localities, representing 2l formations ranging in age from pre-Cambrian

to Permian. The distribution by states follows:

State No, localities No, sgggles
Montana 65 115
Utah 7 21
Idaho 18 23

TOTAL 90 159
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Four occurrences of unusual radiocactivity in rocks other than
black shales were noted, A 10-foot bed of carbonaceous shale in the
Sappington sandstone member of the Threeforks formation (Devonian) near
Trident, Gallatin Co., Mont., is 2 to 3 times more radioactive than back-
ground; a skarn in the Madison (?) limestone near Maxville, Granite Co.,
Mont., is about L times more radioactive than background; a magnetite-
bearing bed as much as 7 feet thick at the top of the Virgelle sandstone
near Choteau, Teton Co., Mont.,, is about L4 to 5 times background; and a
small deposit of tufa near Home, Baker Co., Ore., is about 10 times more
radioactive than background.

Black shale in Colorado, New Mexico, and eastern Utah
by D, C. Duncan

Black shale deposits principally of Mesozoic and upper Paleo-
zolc age were examined and tested for radioactivity wifh a carborne
recording scintillation detector at numerous localities in Colorado,
New Mexico, and eastern Utah, The reconnaissance was directed mainly
toward examination of black shales of Pennsylvanian age that were known
to contain a few thousandths percent to as mmch as 0,02 percent uranium
at a few widely separated localities in Colorado. No extensive black
shale zones of minable thickness and significant radioactivity were
found, A carbonaceous shale about L feet thick and presumably of small
extent in the Maroon Formation of Pennsylvanian age was found to be
radiocactive in the vicinity of Vale Pass, Eagle County, éolorado.

According to field estimates the shale averaged about 0.01 percent eU.
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Black shales in Nebraska and South Dakota
by He A. Tourtelot

The Sharon Springs meﬁber at the base of the Pierre shale is
radiocactive where exposed in northern Nebraska and in South Dakota and
gamma -ray logs of wells drilled for oil and gas in South Dakota, western
Nebraska, and Kansas show that the formation is conspicuously radiocactive
in the sub-surface. The shale is about 70 feet thick in northern Nebraska
and ranges in thickness from 7 to about 35 feet in exposures along the
Missouri River but may be as much as 100 feet thick on the east side of
the Black Hills, A chammel sample of the basal 1 1/2 feet of the shale
along the Missouri River contains 0.010 percent uranium; a grab sample
of the upper part of the sequence on the east side of the Black Hills
contains 0.002 percent uranium.

The White River formation of Oligocene age rests unconformably
on chalky shale in the Niobrara formation around the Chadron anticline
in northern Nebraska and along the east side of the Black Hills. The
chalky bluish.gray shales are altered to bright-yellow to orange ferru-
ginous shale as much as 30 feeb thick beneath the cover of the White
River formation. The gray shale just below or within the lower part of
the altered shale, is radiocactive. A grab sample from exposures about
8 miles west of Pine Ridge, South Dakota, contains 0.10 percent equivalent
uranium aﬁd 0.015 percent uranium. Gray chalky shale in the Niobrara
formation is not radiocactive where it is not overlain by an altered zone

apparently related to the overlying White River formation.
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Asphaltite and petroleum
by N. W, Bass

A total of 115 one-gallon samples of crude oil from fields
distributed through parts of nine states were collected and sent to the
Trace Elements laboratory at Denver for analysis for trace elements.,
The fields to be sampled were selected so as to include fields with heavy
crude oils, fields that contain a high percentage of sulfur, and other
fields whose oils contain . a. high percentage of nitrogen. In Oklahoms
and Kansas, fields were selected for wide differences in composition of
of crude oils., No analyses for trace elements have yet been received.,

Distribution of the samples taken to date is given below:

State No. of oil No. samples No, samples oil
- fields sampled crude oil field brine
Wyoming 22 L2 i
Oklahoma 12 18 8
Kansas 11 18 8
Colorado 5 10 2
Arkansas L 7 2
Utah L 6 2
Montana 5 8 0
New Mexico 2 L 1
Texas 1 2 0
Total 66 115 37

The stratigraphic distribution of sands frém.whithroil: samples

were obtained follows:

Age of oil sand No, of
sampled samples
Tertiary 10
Cretaceous 17
Jurassic 9
Triassic 5
Permian 11
Pennsylvanian Lo
Mississippian 5
Ordovician 16
Cambrian .2

Total 115
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Asphaltic rocks in western states
by We J. Hail; Jr,

Reconnaissance for uranium in asphaltic rocks involved exami-
nation and sampling of deposits in California, New Mexico, Oklahoma, Texas,
and Utah. Most of the localities examined were those which have been worked
or prospected as commercial asphalt deposits. All localities were checked
with a Geiger counter, and none showed above-normal radioactivity. Final
results of sampling await radiation and-chemical analyses. The map,

figure 22, shows the location of districts examined,

District studies

Coal and lignite investigations

Mendenhall area, Slim Butbes, Harding County, South Dakota, by J. R. Gill

Core drilling by the Bureau of Mines in the Mendenhall area was
in progress from October 1952 to June 1953, during which time 42 holes
totalling 9,68l feet were completed. Of the holes, 31 were successful in
recovering a major portion of the mineralized lignite, A preliminary
study of the analyses for 75 percent of the holes indicates that an area
of more than 4,000 acres is underlain by radioactive lignite having a
mineralized thickness in excess of L feet (fig. 23).

The Mendenhall area is underlain by three important lignite beds
in the Ludlow formation of Paleocene age, from top to bottom the Mendenhall
rider, the Mendenhall bed, and the Olesrud bed. These lignite beds dip
gently to the north and are truncated by rocks of the overlying White River
group of Oligocene age (fig. 2l ). With few exceptions, the stratigraphi-

cally highest lignite below the base of the White River group is the only
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lignite that is radioactive. In the northern part of the area, the
Mendenhall rider is the highest bed; in the éeniral part of the area the
Mendenhall bed is the highest; and in the southern part the Olesrud bed
is the highest. Although the Olesrud bed underlies all of the area, it
is radioactive only where the Mendenhall rider and Mendenhall bed have
been removed by erosion prior to the deposition of the overlying White
River group. Similarly, the Mendenhall bed is radioactive only where
the Mendenhall rider has been removed by erosion,

Correlation of lignite beds encountered in the drill holes
and their relationship to the White River-Iudlow unconformity are shown

in the accompanying fence diagram (fig. 25).

Goose Creek district, Cassia County, Idaho, by W. J. Mapel and W. J. Hail

Carbonaceous shale zones in the lower part of the Salt Lake
formation were tested by 12 core holes drilled in the central part of the
Goose Creek district during August and September 1953. The Barrett
carbonaceous shale zone wasg penetrated in nine of the drill holes, and
carbonaceous shale zone B, 160 feet below the Barrett zone, was penetrated
in one hole, Three holes found no carbonaceous shale owing to erosion of
the shale beneath local unconformities in the Salt Lake formation,
Figure 26 shows the location of the drill holes, and figure 27 shows the
thickness and rédicactivity of carbonaceous beds found in drilling,

A 5-foot bed of carbonaceous shale at a depth of 243 feet in
hole 2 was the most radiocactive bed found. The upper part of this bed,
which is in Zone B, may contain as much as 0.1 percent U. Where sampled
at the surface about a mile to the south, zone B contains a maximum of
0,009 percent U, Carbonaceous beds found in drilling the Barrett zone

may contain locally as much as 0.02 percent U,
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Fig. 26—Fence Diagram Showing Correlation and Thickness of Lignite Beds
Encountered in the AEC—USBM Drilling Program in the Mendenhall Area,
Slim Buttes, Harding County, South Dakota, 1952 —53.

(See page 284.)
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Beds of carbonaceous shale in fhe Goose Creek district are known
to contain about 0.1 percent U at 2 localities., The first, found previously
by surface sampling, is in the Barrett zone in sec., 26, T. 16 S., R. 21 E,
The second, found by drilling, is in zone B in sec, 2l of the same township,
The highly uraniferous shale known to occur in the Barrett zone seems to
be confined to a small pocket in sec. 26 near the outcrop of the bed. Data
from hole 2 is inconclusive in showing the extent of wuranium-rich shale in

zone B,

Eastern Red Desert area, Sweetwater County, Wyoming, by Harold Masursky

Exploratory core drilling for uranium-bearing coal for the
second season in the Red Desert area, Sweetwater Co., Wyo. (fig. 28) began
on June 27, 1953, and concluded November 25, 1953, A total of 60 core
holes t&talling 12,677 feet, and one 8-inch core hole 106 feet deep were
completed, .

Statistical data are tabulated below:

Table l.--Core drill and sample data on Red Desert area

Total (feet) Average per hole (feet)

NX drilling 12,676.9 - 209.6
NX casing 3,117.7 57.0
Coal penetrated 1,237.0 20.6
TE samples 2,330

Bur. Mines fuel samples ol

Bur. Mines oil shale samples 10

Core to Coal Laboratory 936.5

Eighteinch hole 106.0

Coal core from 21 NX holes and the 8-inch hole was shipped to the
Coal Geology Laboratory at Columbus, Ohio. Core from 16 holes was crushed
and split into equal fractions for submittal to the Trace Elements Washington

Laboratory for uranium analysis and to the Burean of Mines' Pittsburgh
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Laboratory for fuel analysis. Coal core from the remaining 23 holes was
sampled for uranium analysis only. Shale samples wére submitted to the
Bureau of Mines Laramie Laboratory for shale oil analysis. A truck-mounted
power auger completed 1Lh2 holes for a total footage of 5,653 feet. As few
chemical analyses are now available uranium grade is estimated from radio-
metric determinations of coal core made by J. M., Schopf at the-GéologiCal
Survey's Coal Geology Laboratory, Golumbus, Ohio.,. The average uranium
content of the coal determined from these readings is about 0,003 percent
although locally coal as much as 6.5 feet thick contains 0,007 percent
uranium and 0,05 percent uranium in the ash,

Data from the drilling reaffirms the pattern of relationship
between uranium content of lithofacies distribution prepared earlier;
ie‘, uranium content rises to the east as the enclosing rocks become
coarser-grained and more permeable., There is a complex interfingering
of the lithotypes, the source of the sediments lying to the northeast,
Coal beds are also high in uranium where in contact with topographically
high cobble gravels of possible Miocene age. There appears also to be
a close relationship between the cyclic distribution of lithotypes verti-
cally and the uranium content of the coal., The typical cycle of deposi-
tion is sandstone, then coal, then clay shale. The coal in these cyclothems
usually has a higher uranium content at the bottom of the bed adjacent to
the permeable sandstone. The coal beds reach maximum thickness in the
middle part of the area and thin rapidly to the northeast and to the south-
west (fige. 29). They are little disturbed and dip from one to three degrees:

Western Red Desert area, Sweetwater County, Wyoming, by George N. Pipiringos

During the summer of 1953, the western part of the Red Desert

area (Ts. 20-22N.; Rs. 95-97 W.) was mapped in reconnaissance. No coal
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beds were found thick enough to be of economic interest. Geiger counter
and scintillator readings indicate that the coal samples submitted for

analyses will contain an average of 0.002 percent U, or less.

Fall Creek area, Bonneville County, Idaho, by James D. Vine

Core drilling in the Fall Creek area, Bonneville County, Idaho,
was started in June and completedvin:August, 1953, The drilling was
planned to search for possible high-grade deposits near faults that may
have controlled access of ﬁraniumpbearing water to carbonaceous shale and
limesténe in the Bear River formation of Lower Cretaceous age and to sample
the uranium-bearing strata (Vine, Circ. 212).

Six holes totalling 1,613 feet were completed. (See figs. 30 and 31),
The structure of the area is much more complex than was anticipated and
only two of the héles penetratéd the radioactive carbonaceous shale. The
data available from drilling is, therefore, inadequate to revise the
estimate of wranium-bearing rock previously submitted (TEI-310, p. 1L8).

Analyses of sanmples submitted from holes 1 and 2 are shown below:

| Thickness
eU U - Ash U in ash of sampled

Sample No. (percent) (percent) (percent) (percent) interval Lithology
Drill hole No. 1

VI-1300 0.003 0.003 - - 0.6" Limestone
1301 .003 .00k - - 1,0 n
1302 .003 .003- - - 1.0! n
1303 007 007 - - 1,0 "
130 013 01l - - 1.0t "
1305 .020 .028 T7.1 0.036 1.2! Carb. sh.

Core loss 1.3t ?
1306 .025 .036 70.0 .056 0.5! Carb. sh.
1307 .023 .028 69.0 .039 1.0t n
- Drill hole No. 2
1308 0006 - “" . - on9' Carbo Sho
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Depth of hole Hole Hole
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Q
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|
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|
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|
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—70°
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Carbonaceous shale
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Sample submitted for analysis

Percent uranium

FIGURE 31.--STRATIGRAPHIC SECTIONS OF CORES FROM

FALL CREEK AREA, IDAHO



Black shale investigations

Chattanocoga shale, by L, C. Conant

The drilling program in the Chattanooga shale by the Bureau of
Mines has been finished, It consisted of 36 closely-spaced holes near
Smithville; Tennessee (the Youngs Bend area) and 28 widely-spaced holes
(25 in Tennessee, 3 in Alabama), Seven other holes, requested by the
Bureau of Mines, have been drilled at Sligo and Pine Creek, near Smith-
ville; to test mining conditions.

Plans for the immediate future are (1) to complete the logging
and sawing of the cores, (2) to prepare reports on the areas thus far
drilled, and (3) to extend geological investigations into areas where
basic geologic information on the shale and its uranium content may be
obtained.

Mineralogy, petrology, and geochemistry

Lignite core processing
by Jo M. Schopf, R. J. Gray and J., C. Warman

Core from twenty-five holes drilled in exploration for ura-
niferous coal has been received at Columbus for processing. Core from
a few most recent holes now is on hand to be studied and receipt of
core from one additional 8 inch diameter hole is anticipated, A list
of materials processed and sampled is given in Table 5.

Radioactivity estimates and laboratory descriptions have been
supplied the field geologist, analytic laboratory, and administrative
offices for all core as soon as they could be made available. The radio-

activity estimates were given as pulses (counts) per minute per gram of



1h7

Table 5s--Tabulation of Core and Related Materials
Examined at Columbus

Linear Lab Samples TE B of M
: - ft. of Core =Radiocactivity Analytic Analytic
Lotation, Project & Hole Received Determinations Samples Samples

Dakota
© S1lim Buttes Hole SD-8 37.9 _ 86 10 L
u " Auger Hole K-26 13.5 21 10 2
Wyoming , LS '
Red Desert RWC Hole 12 15.9 22 : L 1
13 h6.9+ 2 o 1
16 38,9 62 16 2
17 557 125 29 3
2LL 3303 ; 6).1- : 25 2
32 1L.6 35 ' N 2 -
33 13.7 27 6 -
3k 29,9 69 26 1
Lo .3 . 101 5 3
L3 39.1 79 I 2
L6 23.0 - 033 18 -
L9 130,5 263 57 7
50 1.3 . 6l 11 1
53 107.6 107 19 3
58 1968 28 hv -
63 59.3 11 9 2
6, 100,8 194 11 5
Cores received and now in process of study
66 55,0
68 6l.8
70 5.3
71 70,0
Idaho .. -~~~ -7 . :
Goose Creek Hole 2 35.0 60 32 1
Goose Creek Hole 3A 4.0 7 - -
Miscellaneoys samples '
Western Virginia Black Shale N 25 3
'~ Burnet County, Texas Black Shale - 6 1
Washingten coal - 22 -

T o
Totals e 11541 1695 345 L2

—— i mmmorroaa
r—

“
i
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sample (P/M/@). Comparison of P/M/G numbers with uranium chemically
determined suggests that these measurements are relatively consistent with
few exceptions (e.g., P/M/G numbers on highly pyritic samples are too low),
and that one P/M/G unit is usually equivalent to about 30 parts per million
U. Actual comparison, based on the averages of 35 samples most recently
reported, shows 1 P/M/G corresponds with 28,7 parts per million U,

Although accuracy declines at low count rates the laboratory
equipment is sensitive enough to give significant duplication of results
on samples containing less than 10 ppm U. P/M/G determinations have been
relied on é.s a basis for selection of samples to be submitted for more
accurate analysis. All samples exceeding 1.5 P/M/G have been submitted;
other series of samples, representing minable thicknesses and averaging
more than 1 P/M/G, also have been sent to Trace Elements laboratory for
further study.

Active drilling in the Slim Buttes area finished early in July
so that only one core (SD-8) and a series of auger samples (K-26) were -
processed., Radioactivity measurements showed a thin layer at the top of
the uppermost bed or Mendenhall Rider to be the most radiocactive coal
received at the Coal Geology Laboratory from Dakota., The P/M/G value for
this layer was 31.8 and suggests a uranium content of about ,09%. Unfor-
tunately a considerable core loss directly below this layer prevents any
accurate appraisal based on this record. An auger hole was drilled at a
nearby site to further test uranium content of this upper coal., Diagrams
illustrating the radioactivity profile of Hole SD-8 and of the auger. hole
are shown in figure 32, The auger samples, although showing signs of
weathering, appeared little contaminated and contained about 12 percent

ash for a composite sample of the entire top bench. A very characteristic
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318 P/M/G

MENDENHALL COAL

BED ZONE-COAL nsrs

CORE NOT RECOVERED .
26.5'CORE AND
LOSS,NOT SENT

—T— nry 20'

105904
106.48';
108.27°
121.10°
12 3.00'
Bottom of Core
Received
19.2% comg ”277.
NOT SENT
1778
3.00 o MENDENHALL RIDER, AS SHOWN IN
385 % AUGER HOLE K-26
. 6.8 of Siltstone not Sent
7.8 P/M/G
10 65
1158
LEGEND
13.08" Bl coo! B8 Coa! with Clay Cooly Shale
’ 7'0f Cley nat Sent Straaks or Impure Coal
13.78'
Corbanoceous Corbonoceous
14 85 Glay Cloy
Q2as a0t 2 H
16 08 Scale of P/M/G Voluss 3 only g;','b";:""g'““

Circies Indicote P/M/G Somple Centers (I[[] Loss in Driling

8of Corbonaceous Cloy Backbane Ties Indicote Intervals
not Sent included os TE Somples

FIGURE 32.--RADIOACTIVITY PROFILE SLIM BUTTES AREA,
HARDING CO., SOUTH DAKOTA MENDENHALL RIDER AND
LOWER COAL BEDS IN HOLE SD-8
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top preferential distribution of radioactivity is - illustrated but the
exceptional value for the upper layer of Hole SD-8 was not equalled. It
thus appears that the unusually high value probably is local in its extent.

Most of the core received for processing at the Coal Geology
Laboratory came from the Red Desert drilling program. All Red Desert cores
examined showed much irregularity in distribution of radioactivity. This‘
has come to be recognized as being as characteristic of Red Desert profiles
as a top prefemntial distribution is characteristic of radioactive coals
in the Dakota region., Very frequently peaks of greater radioactivj_ty are
associated with more or less"wal-defined layers of detrital impurity. To
what extent this relationship may prevail should be indicated by coal
petrographic investigations planned for completion during the next year,

Radiocactivity profiles o}‘;‘-proba.bie correlative sections of .core,
including two coal beds and associatéd carbonaceous and coaly rocks from
the Battle zone as tested by Holes 17 and 2L, are shown in figure 33.: The
comparison illustrates weil the considerable variability that is typical.
The two actual coal beds probably are more or less continuous but it seems
evident that the coaly or impure layers that show the highest radiocactivity
differ materially within short distances. Some of the purer coal appears
to be no more radiocactive than slightly carbonaceous silty or sandy beds
of the same area.

Figure 34 .shows the radiocactivity profile . established .
for the exteﬁsive and slightly older Tierney group of coals tested in
Hole 49, located about seventeen miles SSE of holes 17 and 24 shown in the
previocus figure 53. Evidently the distribution of radiocactivity is similar
to that in the somewhat younger coals to the northwest but the average level
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of radiocactivity is lower. Some of the coal is considerably less radio-
active than the non-carbonaceous field rock and usually only the iﬁ@ure
carbonaceous layers indicate a higher value, I

A core 8 inches in diameter has been obtained from the Lumn |
coal zone in the northern part of the Red Desert field where exploration
du;'ing the 1952 season suggested greatést economic possibilities. A core
of these dimensions should afford an excellent opportunity for a vcorr.e-
lated suite of analytic investigations and coal petrographic research;;

These studies will aid in determining how the uranium of these extensive
deposits iﬁay best be made available,

3 Core showing promise ‘of economic uranium recovery was recéived from
the:Goose Creek district of southern Idaho. The radioactivity profile from .
thj.s core is illustrated in figure 35. Peaks in the zone of greatest :
radiocactivity are drawn with several overlapped and differently cross-
hapqhed patterns so that their full relative extent may bé visualized,

‘ The coaly zones are nearly all attrital and distinguished by
higii radioéctivityo They are i‘issile to some extent and thus may 'easily
be gonfuséd wi‘t;h black shale since they also merge with obvioﬁs carbén-
aceous shalé and clay. Like most attrital or non-banded coals the G&os'e
Creék deposits are probsbly high ash. A suggestion of top and bottom |
preferential radioactivity is suggested by the lower cioaly zone below
depth of 260.7 feet.

A series of miscellaneous black shale samples of paleontologically »
defined age were examined by procedurés similar to those applied to core.
A .seri.es of Preliminary Reconnéigsa.nce Reports has been submitted recording
the detailed results. Samples of Upper Devonian age from Texas appear to
be somewhat more radioactive than samples of known uranium content and

similar lithology from Tennessee.
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A seriss of coal specimens from beds associated with tuffaceous
deposits in the State of Washington were examined and proved to be essen~
tially z;on-radioactiveo

Coal petrography
by J. M. Schopf and R, J, Gray

Uraniferovs lignite in the Slim Buttes area, South Dakota, usually
shows very Qefixlitég more or less regular s bop-preferential distribution
of uranium., Each of three beds of lignite in Hole SD-10, however, contain
as much or more uwranium in thin layers at the bottom or in the middle of
individual beds as in the top laysrs of the bed. Standard coal petrographic
studies were made of these three beds to detect differences, if any, be- '
t‘weén '.’tahe( composition of the highly uraniferous lignite where the uranium
was concentrated in positions other than at the top of the bed. The data
are shown graphically in figure;36. - .

The ligaite beds in Hole SD-10 differ greatly among themselves
~ in petrographic composition. No correlation between uranium content and
standard coal petrographic constituents can be seen, The ash content shows
an increase somewhat comparable ts? the uranium content in several of the
more uraniferous layers.

- The possible correlation between different microscopically
visible plant materials énd degradation products and uranium was investi-
gated by a detailed study of the components of the translucent attritus
of four 'sampl‘es from Hole SD-10 cdntainjmg from 0,015 to 0,037 percent
uranium and of four samples containing from 0,0003 to 0,002 percent uranium.
The following components were distinguished in the translucent attr?.tusz

sub-anthraxylong humic matter; red attrital resins; spores, pollens, and
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cuticle; yellow attrital resins; waxy amorphous materialj transparent
organic material, fungus spores and fungal sclerotia; and brown matter
with traces of semi-fusain fragments. No direct correlation was found
between any single coal component and uranium content. If it is assuxma‘d
that the uranium in all of these samples is combined with the organic
meterial or taken wp by it in the same way, which remains to be proved,
thenl a more complex coi'relation of factors appears to be responsible
for the variations in uranium content. Apparently none of the samples
owe their high or low uranium content to their relative posi‘bions within
the bédso | |

It may be significant that some layers with high uranium content
also have comparatively large amounts of humic matter and fungus material.
As the humic matter is largely the product of extensive decay, it is
conceivable that plant material that has been most subjected to decay
'is the most receptive to uranium emplacement, This relationship holds
énly in some samples, so extensive decay can be only a predisposing
factor,

Uranium in lignite and coal -
- by'I. Aes Breger and M. Deul

During the report period, progress has been made in the various

‘phases of this program as follows:

Lignite from Harding County, S, Dak.--Large scale extractions

of the coal have been carried out with samples containing both high and
low percentages of uranium. A preliminary experiment reported previously
(TEI-331) indicated that it was possible to isolate and concentrate the

organo-uranium complex responsible for the retention of the uranium in the
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coal, The technique applied in the original study has been followed and
a large quantity of the organo-uranium complex has now been_isolated and
awaits characterization by physical and chemical techniques.,

Formation of uraniferous coals.--The proximity of schroecking-

erite to uraniferous subbituminous coal in the Red Desert suggests that
uranium may have been introduced into the coal by way of a solution con-
taining sodium and calcium uranyl carbonates. The low pH (3.1) of the
Red Desert coal and the reported sensitivities of sodium and calcium -
uranyl carbonates to decomposition in acidic media also suggest that’the
uranyl ion, on release from the complex carbonate, may form an insoluble
compound with certain organic coMponents.of the coal,

To examine this hypothesis, organic matter has been extracted
from both South Dakota and Red Desert coals which contaih very little
uranium, These extracts will be reacted with solutions of schroecking-
erite in an effort to prepare organo-uranium concentrates for comparison
with organo-uranium extracts from high-uranium-bearing coals., This study
will provide information regarding the nature of the organo-uranium com-
pounds in coal and the mamner in which they are formed.

Effects of retorting on the uranium associated with coals,

shales, and other substances.--Small samples of coal from the Red Desert,

of Chattanoooga shale, and of Swedish kolm have been retorted and, by
means of careful analytical studies, it has been found that no uranium
\volatilizes during distillation. After the Red Desert coal is retorted,
extraction.of uranium from the char by 6 §’hydrochlorié acid becomes diffi-
cult, It is possible that during distillation under reducing conditions

part of the uranium may have been converted to U0,
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Organo-uranium associations in the Colorado Plateau region.--

During a field trip to the Colorado Plateau, samples of coalified wood,
so-called "asphaltite," bituminous sandstone, and so-called "bleeding
asphalt" were collected in sufficient quantities for characterization.
Studies by which it is hoped that it may be possible to determine the
}relationship of the uranium to these various organic substances will soon
be initiated,

Infrared spectrophotometry has been applied to a structural
analysis of soluble organic material extracted from ore grade sandstone
from the Utex mine, Yellow, resinous material has been recognized from
its infrared spectrum as being terpene in nature. It is likely that this
material is of woody origin.

The following reports are in preparation: "Mineralogy and
geochemistry of uraniferous coal from the Red Desert area, Sweetwater
County, Wyoming"; "Extraction of uranium from the Red Desert coal of
Wyoming®; “Effects of destructive distillation on the uranium associated
with selected naturally occurring carbonaceous substances"; and "Minor
and trace elements in low-rank coals",

Uranium in black shales
by I, A. Breger and M, Deul

Stndies of the organic substances present in black shales have
continued, Preliminary investigations have been concerned with efforts
to isolate mechanically the organic and inorganic constituents of the
Chattanooga shale,

The original shale (75.5 percent ash, 0,0085 percent U) was

subjected to air elutriation in an Infrasizer and yielded a fraction
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contaihing 70,0 percent ash and 0,0143 percent U, Subseguent efforts
have been made to isolate the organic matter by air elutriation techniques
using the Aminco Roller elutriation equipment. TFractions from this work
await analysis.

Small samples of Chatténooga shaie have been treated in a ball
mill with mixtures of kerosene and water in an effort to bring about
selective suspension of organic components in the kerosene. While this
technigue has proved partially effective, recent use of other organié .sus-
pending agents has made it possible to effect nearly cBﬁplete separé‘lﬁion
of the shale into organic-, pyritg% » and clay-rich fractions. Chemical
analyses of these fractions are now Being carried out and a report sum-
marizing‘ these studies should be completed by the end of the current
fiscal year.,

Marine, uranium-bearing carbonaceous shales in the Phosphoria
formation are of special importance to this project because of their asso-
ciation with uraniferous phosphorite. Because the organic substances
present in phosphate rock may be easy to isolate and characterize and be-
ca;xuse organic material present in the shale and in the phosphate rock may

"be similar, sf,udies of the phosphate rock have been initiated, To date a
program has been outlined and work has begun on the isolation, wi%:h least
chemical alteration, of the organic material in the phosphate rock.

A small sample of organic stringer from the Chattanooga shale
has been found to contain only 1.27 percent ash, Analysis of this ash
shows it to contain 2.58 percent U and approximately li percent germanium,
A preliminary report describing this néwly Sbgérved occurrence of germanium
and association of germanium and nranium will be submitted in the near

future,
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Relationship of Eolor of shale to uranium content
by F, J. Flanagan'

The qualitétive observations of field geologists, that the amount
of uranium in black shale appears to be a function of the color is the sub=-
Ject of a current study, As the color of an object is a result of the abe
sorption of some wave lengths of light and the reflection of others, a
simple measurement of the value of light reflectance (without regard to
vave length) is a measure of the value of a single color and this measure-
ment may then be compared to the uranium content or the radioactivity of the
shales, This density of reflected light is measured in a reflection fluos -
rimeter which has been modified by funnelling white’light (in place of ultra
4violet) onto the surface of shale samples in aluminum pans nbrmally used in
radiocactivity determinations.

An entire suite of samples from one drill hole (¥B=6) in the Youngs
‘Bend area in centrel Tennessee was selected and the density of light reflec-
tion measured. A comparison of the means of the uranium content and the
radicactivity of ten holes in this area and the reciprocal of the lighf ré=
flected measured in microamperes for the above suite of samples if shown in
fig. 3?. The agreement between the one sam@le'of reflection and the means
of the uranium content and the radioactivity is very good. Further work‘is
in progress, The method, if feasible, may be a satisfactory rapid method
for the determination of uranium in shales., Measurements on Chattanooga
shale from different areas, and on other types of shale are necessary to
determine whether or not the method is applicable to &ll shale deﬁosits. It
may be possible to extend this procedure to the measurement of the uranium

content of low-grade carnotites and.northmesterhAphosphates.
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Uranium in asphalt and petroleum

During the period covered by this report, a total of 190 analyses
were made on 135 samples of crude oil, petroliferous rock, and brine asso-
ciated with oil. A distribution of these analyses and samples in shown in

Table 6,

Table 6.-~Distribution of Sample Types and Types of Analyses

No, of No. of

Sample Type Samples Type of Analysis Analyses
Petroliferous rock L6 % Ash 70
Crude 0il 87 % U in Ash 52
Brine 2 % U (other than ash) 26
% 0il (in rock) 1/ 32
Other 2/ 10

1/ The % 0il is the percent material extracted from rock with
hot 75% benzene, 15% acetone, and 10% absolute methanol by
volume.

2/ Includes specific gravity, total solids, and organic carbon.
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